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384. The Mass-law Effect in the Hydrolysis of Dichlorodiphenyl- 


methane. 
By G. KounstaM and B. SHILLAKER. 


The rate of hydrolysis of dichlorodiphenylmethane is controlled by the 
rate at which one of the C-Cl linkages undergoes heterolysis. This process 
involves the unimolecular mechanism, Syl, and the present study aimed at 
obtaining further information about the behaviour of the resulting carbonium 
ion, Ph,CIC*, in aqueous acetone. The mass-law constant,! which reflects 
the competition of chloride ions and water for this ion, decreases with increas- 
ing ionising power of the solvent, and its temperature coefficient is 
independent of the solvent composition. This behaviour is consistent with 
the assumption of Born charging for the solvated species involved, or with 
differences in the extent of their solvation; alternatively, both these factors 
may be responsible. 

If the Sy1 heterolysis of the C-Cl linkage involves intermediate ion-pairs,? 
our results show that only the fully developed carbonium ion reacts with 
water and with anions. 


In the Syl hydrolysis of an organic halide 


RX _ Rt + X- one ROH + H* + X- 
2 HO 

the competition of solvent molecules and “common” anions for the fully developed 
carbonium ion is of interest. The relevant information is contained in the mass-law 
constant («® = k,°/k,°, where the superscripts refer to zero ionic strength) which can be 
evaluated via the electrostatic treatment of Hughes, Ingold, and their co-workers.! Little 
is known of the variation of this constant with changing solvent composition and the present 
paper reports an extension of previous work on the hydrolysis of dichlorodiphenylmethane * 
to two further solvents, “ 80% ” and “ 70% ” aqueous acetone.t The rate-determining 
step in this reaction is the ionisation of one of the C-Cl linkages, and the resulting car- 
bonium ion, Ph,CIC*, has a fairly large mass-law constant. The system is therefore well 
suited for studying the effects of solvent changes on «®. 


EXPERIMENTAL 

The experimental methods were similar to those described previously. The thermostat 
for temperatures below 0° consisted of a well-stirred ethanol—water mixture in a large Dewar 
vessel. Cooling was effected by filling the inner of two concentric glass tubes with solid carbon 
dioxide, and the outer with sufficient ethanol to keep the temperature of the bath just below 
the desired value in the absence of heating. A 5w intermittent heater was controlled by a 
conventional toluene—mercury regulator, and kept the temperature constant to within +0-01°. 

The hydrolysis of ca. 0-005M-dichlorodiphenylmethane was studied at 0° in ‘‘ 80% ”’ acetone, 
and at —9-61° and —21-50° in the ‘‘ 70% ” solvent where the reaction at 0° was too rapid to 
permit accurate measurements. The reactions were followed by noting the development of 


acidity, and gave integrated first-order rate coefficients (k) which always decreased as the 
hydrolysis proceeded (see Table 2). In the ‘‘ 70% ”’ solvent, experiments were also carried 
out at —9-61° in the presence of potassium chloride, potassium bromide, and their mixtures 
at an initial ionic strength of 0-0515. The instantaneous rates at this ionic strength were 
obtained by extrapolating the integrated first-order rate coefficients to “‘ zero time,’”’ and 
followed the relation 


, 


10% = 3-25/(1+ 329(CI-]). . . . . ... 


” 


+ Throughout this paper a “‘ +°%” solvent refers to a mixture of acetone and water in the ratio 
x : 100 — x by vol. 

1 Bateman, Church, Hughes, Ingold, and Taher, /., 1940, 979. 

2 Winstein et al., J. Amer. Chem. Soc., 1958, 80, 169, 459; and earlier papers. 

3 Bensley and Kohnstam, /., 1955, 3408. 
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This is illustrated in Table 1 where the values calculated from this equation are compared with 
those observed. 


TABLE 1. Instantaneous rates (k, in sec.) at ionic strength 0-0515 in “ 70°,” acetone 
at —9-61°. 

KBr] + [KCI] = 0-0500, (CI-], = [KCI] + 0-0015 + 0-0005,¢ 0-0015 < [CI-}, < 0-0510. 
DEE RAP: asindntpéniaciuiasmid 1-5 14-5 26-4 38-5 51-0 
Serene 3-12 2-16 “72 1-47 1-20 
ey Is ostusescncebicesseces 3°10 2-20 1-74 1-43 1-21 


« 


The subscript 0 refers to “‘ zero time.” 
+ Due to hydrolysis before the initial reading. 


The results of any one kinetic run gave the rate of ionisation at zero ionic strength (k,°) and 
the mass-law constant («°) from the equation 


It=khY—wJft . 2. . . wee (QF 
where ot [= Bo(b + ¢ + 2x) - 
0 a-—x 
and ins [ (c + 2x) antilog,, A(b + ¢ + 2r) ‘he 
a—x 


a = [Ph,CCl,] at time ¢ = 0, a — x = [Ph,CCl,] at time #, b and ¢ are the initial bromide- and 
chloride-ion concentrations, respectively, b + c + 2x is the ionic strength at time ¢,t A = 
—1-815 x 10%(DT)"*/2, B = —0-912 x 10%(DT)*, D and T are the dielectric constant and 
absolute temperature, respectively, and a is the ionic-strength constant! whose value was 
assumed to be the same (1-1 x 10°) asin the solvents previously examined. Eqn. (2) is readily 
deduced from the electrostatic treatment by Hughes, Ingold, and their co-workers,! and the 
evaluation of the integrals J and J has already been discussed. Data for a typical run are 
given in Table 2, and our main results are summarised below (k,° in sec."1, «® in mole™1.): 

(i) “* 80% ” acetone at 0°, 4 experiments: 10*2,° = 1-438 + 0-004, «® = 98-8 + 0:8 

(ii) ‘‘ 70% ”’ acetone at —9-61°, 10 experiments: 10*2,° = 2-912 + 0-020, «® = 62-7 + 0-7 


(iii) “‘ 70% ” acetone at —21-50°, 4 experiments: 105,° = 5-503 + 0-038, «® = 57-2 + 2-0. 


TABLE 2. Reaction of dichlorodiphenylmethane with “ 80°, ’’ aqueous acetone at 0°. 


(Run C.) 
(5 ml. samples titrated with 0-004988N-NaOH; A = —1-861; Bo = —1-038.) 
107] /¢ 107] /¢ 
t Titre 10'k 10‘J/¢ (mole 1.- t Titre 10*k 104J/t (mole1.-? 
sec.) (ml.) (sec.-) (sec.~) sec.~!) (sec.) (ml.) (sec.—) (sec.—!) sec.) 
0 0:37 —- -—— — 5068 6-77 1-134 1-124 3-295 
1461 2-87 1-280 1-276 1-775 5948 7-42 1-104 1-093 3-491 
2058 3-69 1-249 1-242 2-133 6878 8-12 1-096 1-083 3-769 
2643 4-41 1-222 1-215 2-427 8083 8-85 1-071 1-058 4-001 
3263 5-06 1-184 1-176 2-649 L 15-01 - - 
4163 6-00 1-166 1-157 3-037 
10*2,° = 1-441 sec.-!, «® = 99-1 mole I. 


DISCUSSION 


The data now available for the ionisation of cichlorodiphenylmethane in aqueous 
acetone at 0° and zero ionic strength are summarised in Table 3. The rate of ionisation 
(k,°) changes almost 100-fold on passing from “70%” to “85% ”’ acetone: Fainberg 

+ We take this opportunity to correct errors in the earlier paper * which were inadvertently missed 


during proof-reading. Equation (ii) should be identical with the present equation (2), A (Tables 3 and 
4) should be negative, and the constants C and D (p. 3416) should be given by 


C = 10*k,° antilog,, (— Bou) and D = a°® antilogy, (Aut — Boy). 


¢{ The hydrolysis of dichlorodiphenylmethane yields benzophenone and, hence, two chloride ions 
per mole. 
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and Winstein’s data for t-butyi chloride * lead to a similar change at this temperature. 
The activation energy of the ionisation process (E,°) is virtually independent of the solvent 
composition,t in agreement with previous observations on Syl reactions.*®%? The dif- 
ference between the activation energies for the reactions of chloride ions and water with 
the fully developed carbonium ion (£,° — E£,°) also appears to be insensitive to changes 
in the solvent. The most significant feature of the present results is the decrease in the 
mass-law constant, «®, as the solvent is made more aqueous. Before this observation can 
be discussed in detail, it is necessary to consider whether it arises from some imperfection 
in the electrostatic treatment } adopted. 


TABLE 3. Effect of solvent composition on the rate of tonisation and mass-law constant 
in the reaction of dichlorodiphenylmethane with aqueous acetone at 0°. 


“0,” Acetone 85% t 80% 75% t 70% 
gh ee een er 0-530 1-438 4-386 14-30 ft 
PI DD hss ksi vesiccincccsncsees 126 + 4-2 98-8 + 0-8 79-4 + 0-6 67-2 + 2:0 t 
EE NT 17-60 wn one 18-40 
E.? — E,° (kcal) §  ............02. 0-9 + 0-4 — — 1:0 + 0-4 


+ From Bensley and Kohnstam’s data.* { Calculated from results at lower temperatures. 
§ From the temperature coefficient of In «’. 


Ionic Activity Coeffictents—Eqn. (2) assumes that ionic activity coefficients are given 
by Debye’s limiting law, an assumption which becomes increasingly less valid as the ionic 
strength is increased, or the dielectric constant of the solvent reduced. “ Limiting-law 
activity coefficients” are then too low, leading to too small a value for the integral J and, 
hence, to too large a value for «®. * This could account for the variation of «® with changes in 
the solvent composition. However, experiments in “ 70% ” and “75% ” acetone gave 
the same value of «® when carried out in the absence of added electrolytes and at ionic 
strength 0-05, and it does not therefore seem likely that the observed behaviour of «® 
tesults from the use of “‘ limiting-law activity coefficients.” 

Ion-pair Formation by Electrolytes.-The present results have been calculated on the 
assumption that all electrolytes are completely dissociated. It can easily be shown that, 
if this is not the case, mass-law constants obtained from eqn. (2) are too small, the error 
increasing as the ion-pair dissociation constant of the electrolyte decreases. The values 
of «° should then decrease as the solvent is made less aqueous, contrary to our observations. 

In any case, it is not considered that ion-association is large enough to have a significant 
effect on the value of «® in any of the systems under consideration. In “75°%,’’ acetone, 
the dissociation of lithium bromide is virtually complete,’ and this should therefore also 
apply to potassium bromide which has almost the same dissociation constant as the lithium 
salt in ‘‘ 90° ”’ acetone;® there is little reason to believe that potassium chloride is appre- 
ciably more associated than its bromide.{ It also seems reasonable to assume that hydro- 
chloric acid behaves in a similar manner to hydrobromic acid; the latter has a dissociation 
constant of 6 x 10° in “‘ 90%” acetone and is completely dissociated in the “ 70%” 
solvent. The dissociation constant to be expected for hydrochloric acid in “ 85%” 
acetone is then such that the neglect of association in the acid produced by the hydrolysis 

+ The two values of E,° in Table 3 were obtained from data at different temperatures. A negative 
temperature coefficient is to be expected for E,° since the ionisation of C—Cl involves an increase in the 
polarity of the reacting system,*.* and it is therefore considered that the two values of E,° will differ 


by less than 0-5 kcal. at 0°. 
¢ Experiments in the presence of salts were only carried out in “ 75% " and “ 70% ”’ acetone. 


4 Fainberg and Winstein, J. Amer. Chem. Soc., 1957, 79, 5937. 

5 Robertson, Canad. ]. Chem., 1955, 38, 1536; 1957, 35, 613; Bensley and Kohnstam, /., 1956, 
287; 1957, 4747. 

* Tommila, Tilikainen, and Voipio, Ann. Acad. Sci. Fennicae, 1955, A, No. II. 

7 Brown and Hudson, /., 1953, 3352. 

8 Olson and Konecny, /. Amer. Chem. Soc., 1953, 75, 5801. 

* Nash and Monk, /., 1955, 1899. 
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of 0-005m-dichlorodiphenylmethane only affects the value of «® within the limits of the 
experimental error. The resulting error is even smaller in the more aqueous solvents. 

Specific Salt Effects—The electrostatic treatment on which eqn. (2) is based assumes 
that the acceleration of the ionisation of the C-Cl linkage by added electrolytes, the ionic- 
strength effect, results from ion-atmosphere stabilisation of the transition state and depends 
only on the ionic strength of the solution. Earlier criticisms of this assumption ™ " are 
often based on observations in systems where ion-pair formation may be significant, but 
highly specific salt effects have recently been observed by Duynstee and Grunwald for the 
ionisation of 1-methyl-2-phenylpropyl toluene-f-sulphonate in 50°, aqueous dioxan.! 
These authors conclude that two additional factors may contribute to the ionic-strength 
effect: (i) a salt-induced medium effect which arises from the different effects of electrolytes 
on the activities of the solvent components," similar to an earlier suggestion by Lucas 
and Hammett,’ and (ii) short-range interactions, such as complex formation with the 
substrate. 

Specific salt reactions do not, however, appear to be operating in the present reactions. 
First, the constant C in eqn. (5) (cf. eqn. 1) represents the initial rate of ionisation in 0-05m- 
potassium chloride and in 0-05m-potassium bromide. Secondly, the rate of ionisation at 
zero ionic strength, k,°, which was obtained from experiments on 0-005m-solutions contain- 
ing no added salts, leads to a value for the rate at ionic strength 0-05 [k,° antilog,, (—Boy) = 
3:15 x 10, where u is the ionic strength] which agrees with the observed value (C = 
3-25 x 10) as well as can be expected for initial rates. The two additional effects 
proposed by Duynstee and Grunwald are therefore either negligibly small or of the same 
magnitude for hydrochloric acid, potassium chloride, and potassium bromide in the 
present systems, and thus have no significant influence on our values for the mass-law 
constant. 

The Variation of the Mass-law Constant with Solvent Composition.—The observed de- 
crease of the mass-law constant with increasing water content of the solvent confirms and 
extends previous findings.* A qualitative explanation of this result has already been 
given, and a more quantitative interpretation can now be attempted. 

From the definition of the mass-law constant we have 


RT In o® = RT In (k,°/k,°) = AG,* — AG,* 


where AG,* and AG,* are the free energies of activation for the reaction between the 
carbonium ion and chloride ions, and for the hydrolysis of the carbonium ion, respectively. 
Solvation of charged species is an essential feature of reaction by mechanism Syl, and it 
seems reasonable to assume that the two processes now under consideration may involve 
changes in solvation by water, but not changes in solvation by acetone. The difference 
between the two free energies of activation then becomes the difference between the stan- 
dard free-energy changes of the two processes: 


R* (solv.) + Cl~ (solv.) —» R**-—Cl*- (solv.) + ,H,O 
R* (solv.) —» R---OH, (solv.) + 3H,O 


where the parameter z represents the degree of charge development in the transition state 
of the ionic recombination and has a value between zero and unity; , is most unlikely to 
be negative and is probably positive since a reduction of charge can be expected to lead 
to decreased solvation, and ”, may well be zero.1 Hence, 


RT In o® = G,* + G,* — G.* — (ny — mg)G(H,O) . . . . (3) 


10 Spieth and Olson, J. Amer. Chem. Soc., 1955, 77, 1412. 

11 Fainberg and Winstein, ibid., 1956, 78, 2763. 

‘2 Duynstee, Thesis, Amsterdam, 1959. 

13 Baughman, Grunwald, and Kohnstam, ibid., in preparation. 
4 Hammett and Lucas, ibid., 1942, 64, 1928. 
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where the G* terms represent standard chemical potentials, G(H,O) is the chemical potential 


+ 
of water in the solvent, and the subscripts a, b, c refer to Cl~ (solv.), R---OH, (solv.) 
and R**—-Cl?~ (solv.), respectively. 

The two transition-state structures being assumed to be constant over the range of 
solvents under consideration, the effect of solvent changes on the chemical potentials 
will be given by the Born equation % for the fully developed ions, and by the Kirkwood 
equation 1° for the dipolar structure.t Equation (3) then takes the form 


RT In «® = constant + (Ne?/2e)[1/r. + 1/r, — 3(2d)?/27.3] — (ng — mg)RT Ina (4) 


where ¢ is the dielectric constant, a the activity of water in the solvent, zed the dipole 
moment of R**—~-Cl*~ (solv.), and the 7’s the radii of the solvated species. 

In the present solvents 1/e is virtually a linear function of In a, and the “ best ’’ straight 
line obtained by plotting In «® against 1/e, or against In a, predicts the observed values of 
«° within the limits of experimental error. If the transition state for the ionic recombin- 
ation reaction carries fully developed charges (t.e., z = 1),1®8 the square bracket in eqn. (4) 
could be zero, whence ”, — 3 = 4:2; this value is not impossibly large.§ Alternatively, 
if #2 — n 3 = 0, the assumption that d = r, and reasonable values for the radii (7, = 4°6 A 
% =% = 7 A) lead to z = 0-63, consistent with the usual view that this type of transition 
state carries approximately half-developed charges.! Our results are thus fully consistent 
with the considerations on which equation (4) is based, but it is unfortunately not possible 
to establish whether the variation of «® with solvent composition arises solely from the 
“electrostatic ” effect (the term in 1/e), or whether differential solvation effects also con- 
tribute. ; 

The constancy of E,® — E,° within the limits of experimental error (see Table 3) does 
not alter this conclusion. From eqn. (4) we have 


E,® — E,o = RT*d In o®/dT = constant — (Ne?/2«)[1/r. + 1/ry — 
3(2d)?/2r.3)(1 + T dln e/d7) + (n, — ng)L 


where L is the relative partial molar enthalpy of water in the solvent, and can be obtained 
from available data.*° This equation predicts that a change from “ 85% ”’ to “ 70%” 


+ It has often been found that the Born equation does not apply to unsolvated ions, but it is generally 
taken to be valid for solvated ions.'?7 It seems reasonable to assume that this also applies to the 
Kirkwood equation. 

t The last term in the square bracket of equation (4), the Kirkwood term, arises as follows. The 
Kirkwood equation for the free-energy change on transferring a dipole of moment zed and radius r from 
vacuum to a medium of dielectric constant is 
e—1 (zed)? aaa : 3 (zed)? 
eyo * constant + 2(2e + 1) 3 

= constant + 3(zed)?/4er3 


AGyp = 


with negligible error for the dielectric constants now under consideration. 


§ This value probably represents an overestimate, even for an upper limit, since it is likely that 
changes in the dielectric constant have a larger effect on the stabilities of two separate ions than on the 
stability of a dipole carrying fully developed charges. Forry, = 46A,%m=1% =@=7 A, and z = 1, 
equation (4) yields mn, — », = 2-0. Water activities were obtained from Ewert’s data at 25°,)* ideal 
behaviour of the vapours over aqueous acetone being assumed, and from Kister and Waldmann’s thermal 
data; *° dielectric constants are from Akerlof’s data.” 


18 Born, Z. Phys., 1920, 1, 45. 

16 Kirkwood, ]. Chem. Phys., 1934, 2, 351. 

17 Eley and Evans, Trans. Faraday Soc., 1938, $4, 1093; Coulson and Everett, ibid., 1940, 36, 
633; Oiwa, J. Phys. Chem., 1957, 61, 1587; Buckingham, Discuss. Faraday Soc., 1958, 24, 151. 

18 Baughan, Evans, and Polanyi, Trans. Faraday Soc., 1941, 37, 377; Evans, ibid., 1946, 42, 719; 
Franklin, ibid., 1952, 48, 443. 

19 Ewert, Thesis, Brussels, 1935. 

20 Kister and Waldmann, J. Phys. Chem., 1958, 62, 245. 

*1 Akerlof, J. Amer. Chem. Soc., 1932, 54, 4125. 
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acetone alters E,° — E,° by less than 0-2 kcal. for all values of x, — mg between zero and 
4-2; the standard error of the observed E,° — E,° is 0-4 kcal./mole. 

Ion-pair Intermediates.—The present discussion has been based on Hughes and Ingold’s 
scheme for the Syl reactions of the C-Cl linkage: 


RCI meat Rt + ci- ROH + Hi + Ci-,Rt+ Br =qeesRBr ww we. 
2 2 
Here only the fully developed carbonium ion reacts with water and with anions. 

Results observed in the acetolysis of sulphonic esters led Winstein and his co-workers 
to conclude that ionisation proceeds via intermediate ion-pairs which are capable of reacting 
directly with water and anions.* This scheme can be represented as follows when applied 
to the present reactions: t 


ROH 
9 ua 
ad I, 
RC! aqqaniits R°CI~ see R*//Cl- =a AR + CI 
oft Da ome ax se we 
12 13 14 
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where R*X~ represents the “ internal”’ ion-pair and R*//X~ the “ external” or “ solvent- 
separated ” ion-pair. If the present reactions follow this scheme, the conclusions reached 
in the preceding section could be seriously in error. 

Any reaction scheme must, however, be consistent with the instantaneous hydrolysis 
rate observed in ‘‘ 70%, ”’ acetone and ionic strength 0-051 over chloride-ion concentrations 
ranging from 0-0015M to 0-051M: viz., 


eo Ce, 


where C and « are constants (see Table 1). The rate coefficients of the individual reaction 
stages should be independent of chloride- and bromide-ion concentrations at constant 
ionic strength, and the application of the stationary state principle to the ion-pairs, the 
carbonium ion, and the organic bromide shows that scheme (ii) only leads to eqn. (5) if 
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This result is identical with that obtained for the scheme 
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and requires that only the fully developed carbonium ion reacts with water and anions. t 
It is now necessary to express the mass-law constant, «®, in terms of the rate coefficients 
of the individual reaction stages involved in solvolysis by scheme (iii). _Mass-law constants 


+ It is usually considered that the internal ion-pair, R*X~, does not react with anions,? but this 
process has now been included to allow for all possibilities. 
¢ A similar conclusion has already been reached for a simplified version of scheme (ii) on the basis 


of experiments in “‘ 75% "’ acetone over the range 0-025—-0-050m for the chloride-ion concentration.* 
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were obtained from eqn. (2) which is based on Hughes and Ingold’s simpler scheme, (i), 
and on the electrostatic treatment proposed by these workers;! this approach is also 
consistent with eqn. (5) and requires that « = ka/kg = «°® antilog,, (Aut — Bou). Ex- 
periments at different ionic strengths gave the same value of «®, within the limits of experi- 
mental error, and this value yields « = 33-7 in “70%” acetone at —9-61° and ionic 
strength 0-051, in good agreement with the observed value of 32-9 [see eqn. (1)}. It can 
therefore be concluded that reaction by scheme (iii) requires the same variation of « with 
changing ionic strength as scheme (i) and, hence, that «® represents the value of « at zero 
ionic strength whichever of the two schemes is operating. 

Qualitatively, the observed behaviour of the mass-law constant with changing solvent 
composition is fully consistent with reaction by scheme (iii). Rate coefficients for processes 
involving the approach of opposite charges will increase less with increasing ionising power 
of the solvent than rate coefficients for their separation (or for the spreading of an existing 
charge); eqn. (6) shows that «, and hence «®, should therefore decrease with increasing 
water content of the solvent, as observed. The more quantitative interpretation discussed 
in the preceding section also holds true for reaction by scheme (iii) provided that 


eo eee.) ae 


we then have « = k®_,k°_,k°_,/k°;k°,k°,, whence it can easily be shown that RT In 2° is 
still given by eqn. (3); the only difference is that R**----Cl*- (solv.) now represents the 
transition state in step —4 and is not formed directly from the fully developed ions. 

There is some evidence that inequality (7) is valid, at least as a first approximation,* 
but this evidence is not conclusive, and the denominator in equation (6) could be greater 
than unity; this would complicate any attempt to interpret the behaviour of «°® quantit- 
atively. It must, however, be stressed that the available evidence does not allow us to 
distinguish between schemes (i) and (iii) for the hydrolysis of dichlorodiphenylmethane. 
Since ion-pair intermediates have often been found to undergo direct solvolysis, the 
absence of any such reactions now (cf. p. 1920) may well arise from the fact that no ion-pairs 
are involved as intermediates in the present systems. This would mean hydrolysis by 
scheme (i), as originally envisaged by Hughes and Ingold. 


We thank Professor E. Grunwald for valuable discussions and for making unpublished results 
available to us, and the Ministry of Education for the award of a State Scholarship (to B. S.). 
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* If inequality (7) is valid, application of the Brénsted equation to the rate coefficients shows that 
schemes (i) and (iii) require the same variation of «® with changing ionic strength, as observed. In- 
equality (7) also demands that the rate of step 4 (&,[RCI]) should be the same as the rate of hydrolysis 
in the absence of ‘‘common”’ ions (C[RCI]). For 1l-methyl-2-phenylpropyl toluene-p-sulphonate in 
50% aqueous dioxan step 4 occurs about 60% more rapidly than hydrolysis,!* but Winstein’s results ? 
suggest that this discrepancy should be less for a substrate with a greater facility for ionisation and it 
may well vanish for dichlorodiphenylmethane. The identity of titrimetric and polarimetric rates in 
the reaction of 1-phenylethyl chloride with aqueous ethanol ** is consistent with this view. 


22 Ward, J., 1927, 445. 
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385. The Isolation and Constitution of Marmin, a New Coumarin 
from Aegle marmelos, Correa. 
By A. CHATTERJEE and A. BHATTACHARYA. 
Umbelliferone, skimmianine, a new coumarin (marmin), and y-sitosterol 
have been isolated from the immature bark of Aegle marmelos Correa. The 


constitution of marmin has been established as 7-(3: 7-dihydroxy-3: 7- 
dimethyloctyloxy)coumarin. 


Aegle marmelos (Fam. Rutaceae), commonly known as bael, is a large or medium-sized tree of 
wide occurrence in India. It is reputed to give a valuable drug and produces besides 
essential oil various coumarins and alkaloids in its various parts.'% The constituents vary 
considerably with the maturity of the specimens. The mature trunk-bark produces 
umbelliferone, y-fagarine! (4 : 8-dimethoxyfuroquinoline), and marmesin ! (I) whereas the 


HO-CMe Oo 
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(I) C\oH20, CH,-CHyCMe-CH,-CHy CH; CMe OH 
(II) 
OH 
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contents of an immature species are a new coumarin, marmin, C,,H,.O;, m. p. 124°, 
umbelliferone and a different alkaloid, skimmianine (4:7 : 8-trimethoxyfuroquinoline). 
With the maturity of the bark the yields of marmin and skimmianine decrease, the contents 
of marmesin, y-fagarine, and ‘essential oil increasing. In highly mature bark there is no 
marmin or skimmianine. 

The isolation and constitution of marmin are described in the present communication. 

Hydrochloric acid washings of ethereal trunk-bark extracts of A. marmelos yielded a 
basic portion from which skimmianine (yield, 0-003°,) was isolated. Chromatography of 
the residue obtained from the non-basic ether extract yielded y-sitosterol (0-015%), 
marmesin (0-012), and marmin (0-07%) ; umbelliferone (0-02°%), retained in the column, 
could only be taken out with boiling ethanol. Marmin has [2),°° +25, pK, 10-11, and 
an ultraviolet absorption spectrum similar to that of umbelliferone methyl ether; this 
and the infrared spectrum disclose a 8-hexenolactone grouping. Marmin does not consume 
perphthalic acid, is indifferent towards ferric ion, gives a negative Angeli—Rimini test, 
is free from methoxy, methylenedioxy, ketone, and aldehyde functions, and is shown to 
contain a coumarin nucleus by its behaviour towards alkali. Since it fails to produce an 
a-glycol with oxalic acid and does not react with diethylamine and potassium chloride, 
the presence of an epoxide group is excluded. It contains two active hydrogen atoms, 
which in absence of a methylene group, appear to be associated with hydroxyl groups. 
The latter were indifferent towards phthalic anhydride, 3 : 5-dinitrobenzoyl chloride, and 
toluene-p-sulphonyl chloride, from which the hydroxyl functions in marmin appeared to 
be tertiary (cf. below). Treatment with acetic acid, phosphorus oxychloride, phosphoric 
oxide (in benzene), aqueous oxalic acid, or acetic anhydride at their b. p.s. resulted in a 
cleavage to umbelliferone together with an oil (terpene), which was extremely sensitive to 
heat and acids and could not be characterised. Umbelliferone was also obtained from 
marmin during its thermal decomposition and catalytic hydrogenation, which recalled the 


1 Dutta, Proc. Acad. Sci., United Province, Agra, Oudh, India, 1935, 56; Spath, Bose, Griiber, and 
Guha, Ber., 1937, 70, 1021; Chatterjee and Saha, J. Indian Chem. Soc., 1957, 34, 228; Chatterjee 
and Bose, ibid., 1952, 29, 425; Chakravarti and Das Gupta, /J., 1958, 1580; Chatterjee and Srimany, 
XVIth Congr. Internat. Pure Appl. Chem., Paris, 1957, Part II, p. 199; Chatterjee, Bose, and Srimany, 
]. Org. Chem., in the press; Chatterjee and Roy, Proc. 44th Indian Sci. Congr., 1957, Part III, p. 124; 
Chatterjee and Mitra, J. dmer. Chem. Soc., 1949, 71, 606; Chaudhury, Ghosh, and Chatterjee, Proc. 
46th Indian Sci. Congr., 1959, Part III, p. 142. 

* Mookerjee, Current Sci., 1943, 12, 209. 

3 Chakravarty, J. Indian Chem. Soc., 1944, 21, 401. 
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behaviour of geranyloxy- and farnesyloxy-coumarins.* Marmin suffered spontaneous 
hydrolysis with glacial acetic acid, like coumarins containing isoprenoid ether groups,® 
to umbelliferone and a terpenaceous oil, from which it followed that marmin was an 
umbelliferone ether (II). 

Treatment of marmin with periodic acid or lead tetra-acetate, even at elevated tem- 
perature, failed to produce an aldehyde or ketone, which established that none of the two 
tertiary hydroxyl groups and the potential hydroxyl group of the ether (II) were vicinal. 
However, treatment with chromic acid afforded umbelliferone, acetone, and levulic acid. 
This, together with the presence of two tertiary hydroxyl groups and expectation of a 
head-to-tail terpene structure, indicates that marmin has structure (III). 


EXPERIMENTAL 


M. p.s were determined with a Kofler block. Ultraviolet spectra refer to alcohol solutions 
in a Beckman spectrophotometer Model DU. The microanalyses were carried out by Mr. W. 
Manser, Ziirich, Switzerland, and Mrs. C. Dutta, University College of Science and Technology, 
Calcutta. During chromatography the eluants were collected in fractions of 15 c.c. each unless 
otherwise stated. 

Extraction.—Milled trunk-bark (4 kg.) of Aegle marmelos Correa was extracted (Soxhlet) 
with ether (51.) for 96 hr. The extracts were concentrated to 200 ml. The concentrate which 
gave positive Mayer’s and Dragendorff’s tests for alkaloids was washed with 4n-hydrochloric 
acid (4 x 50 ml.) until the washings gave negative alkaloid tests. 

The hydrochloric acid extract, upon basification with sodium carbonate, liberated skim- 
mianine (0-12 g.) which crystallised from ethyl acetate and acetone in prisms, m. p. and mixed 
m. p. 175—176° (Found: C, 65-0; H, 5-1; N, 5-30; OMe, 36-1. Calc. for C,,H,,0,N: C, 64-9; 
H, 5-0; N, 5-4; OMe, 35-9%). 

The ether extract from which alkaloids had been removed was evaporated. The dark 
residue was chromatographed in benzene (50 ml.) on alumina (1-7 x 40 cm.; 500g.). In the 
fractions 11—15 (benzene) appeared crude y-sitosterol (0-59 g.), m. p. 140—145°. Fractions 
16—22 yielded crude marmesin (0-4 g.), m. p. 183—186°. Eluates 23—32 with benzene- 
ethyl acetate (1:1) gave crude marmin (2-8 g.), m. p. 121—123°; umbelliferone (0-8 g.) was 
finally extracted with boiling ethanol. 

y-Sitosterol was purified by chromatography again over alumina with 1:1 benzene-light 
petroleum (b. p. 40—60°) aseluant. From absolute methanol it formed plates, m. p. and mixed 
m. p. 146—147° [a],,25 —41-7° (in chloroform) (Found: C, 84-1; H, 12-0. Calc. for CygH,,0: 
C, 84-05; H, 12-1%). 

Marmesin was obtained pure by several crystallisations from alcohol from which it separated 
in rods, m. p. and mixed m. p. 190° (Found: C, 68-4; H, 5-7. Calc. for C,4H,,O,: C, 68-3; 
H, 5:7%), Amax in ethanol 226, 248, 260, and 335 my (log ¢ 3-98, 3-58, 3-47, 4-16). 

Recrystallisation from ethyl acetate-methanol and sublimation at 160°/0-01 mm. 
afforded pure umbelliferone (0-7 g.), m. p. 232° (Found: C, 66-7; H, 3-6. Calc. for C,H,O;: 
C, 66-7; H, 3°7%), Amax, in methanol 216, 327 my (log ¢ 4-09, 4-16). 

Chromatography again of crude marmin (2-5 g.) on alumina (100 g.) as above gave, in the 
fractions eluted with benzene, 0-2 g. of oil; the eluates (200 ml.) with 1:1 benzene-ethyl 
acetate (1:1) afforded, after several crystallisations from ethyl acetate, pure marmin, m. p. 
124° (Found: C, 68-6; H, 7-5; active H, 0-76; C-Me, 4-6%; M,325. C,H,,O; requires C, 68-3; 
H, 7-8; C-Me, 4-5%; M, 334). In ethanol it showed intense absorption at 213 (no maximum) 
and 324 my (log ¢ 4-23). Marmin has infrared absorption bands in Nujol at 2-84 (OH), 5-81 
(lactone), 6-2 (Ph), 7-18 (side-chain Me), 8-8 and 10-0 » (phenol ether). 

Thermal Decomposition of Marmin.—When marmin (0-5 g.) was heated, a sublimate was 
obtained at 190°/0-01 mm. It crystallised from ethyl acetate in needles, m. p. 232° alone or 
mixed with umbelliferone (Found: C, 66-7; H, 3-6. Calc. for CjH,O,: C, 66-7; H, 3-7%). 

Catalytic Hydrogenation of Marmin.—Marmin (0-3 g.) in ethanol (15 ml.), in presence of 
Adams platinum oxide (0-05 g.), took up 1 mol. of hydrogen. The solution was diluted with 
water (50 ml.) and extracted with ether. The extract was washed with 5% aqueous sodium 

* Dean, ‘“‘ Progress in the Chemistry of Natural Products,” ed. Zechmeister, Julius Springer, Vienna, 
1952, Vol. IX, p. 225. 

5 Spath and Holzen, Ber., 1933, 66, 1137; 1935, 68, 1123. 
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hydroxide (3 x 25 ml.). The alkaline extract upon acidification produced dihydroumbelli- 
ferone, m. p. and mixed m. p. 133° (Found: C, 65-7; H, 4:9. Calc for C,H,O,: C, 65-85; H, 
485%). The ether residue, when washed with water and dried (Na,SO,), gave a terpenaceous oil. 

The above experiment was repeated in. glacial acetic acid solution with the same results. 

Action of Acetic Anhydride on Marmin.—Marmin (0-25 g.) was treated with acetic anhydride- 
pyridine, kept at 0° for 48 hr., then poured into ice-cold water. A benzene solution of the 
resinous product was chromatographed over acid-washed alumina. Elution with the same 
solvent gave a terpenaceous oil. Subsequent washings with ethanol yielded umbelliferone. 

Dehydration of Marmin.—Marmin (0-10 g.) in dry benzene (5 ml.) was refluxed with phos- 
phorus oxychloride or phosphoric oxide (0-5 g.) for 2 hr. The benzene solution was decanted 
and concentrated; umbelliferone, m. p. 232°, separated. The mother-liquor on evaporation 
gave an oil having a terpene-like odour. 

Acid-hydrolysis of Marmin.—(a) Marmin (0-5 g.), in glacial acetic acid (2 ml.), was treated 
with 2 drops of concentrated sulphuric acid, refluxed for 1 hr., then poured into ice-cold water, 
made alkaline, and extracted with ether. The alkaline mother-liquor (A) was worked up for 
umbelliferone. The ethereal solution was freed from solvent, and the residue warmed for 
5 hr. with 20% sulphuric acid (20 ml.). The hydrolysate was extracted with ether which was 
washed with 10% alkali solution, then water, and dried. The ethereal solution, on evaporation, 
left some oil with an odour of geraniol. The alkaline washings were slightly fluorescent but 
on acidification and extraction with ether did not yield any product. 

(6) Marmin (0-5-g.) was refluxed in glacial acetic acid (2 ml.) for 2 hr. The product was 
made alkaline and extracted with ether. The aqueous alkaline solution (B) was worked up for 
umbelliferone. The ether extract was washed with water, dried, and evaporated, giving an oil 
with a fragrant odour. This was refluxed with 0-5% methanolic potassium hydroxide for 1 hr. 
The cold solution was diluted with water and shaken with ether (3 x 50 ml.). These ethereal 
extracts, on concentration, left an oil with a geraniol-like smell. An attempt to prepare the 
allophanate was not successful. 

The alkaline solutions A and B had a strong blue fluorescence. They were cooled and 
acidified with hydrochloric acid. <A precipitate appeared which was taken up in ether. The 
ether solution was washed and dried. Evaporation gave umbelliferone (0-4 g.), which crys- 
tallised from ethyl acetate in needles, m. p. and mixed m. p. 232° (Found: C, 66-8; H, 3:9%). 

Chromic Acid Oxidation of Marmin.—An acetic acid solution (50 ml.) of marmin (4-0 g.) 
was treated with chromic acid (4-0 g.) in 50% acetic acid (50 ml.) and kept at room temperature 
for 3 days. The solution was cooled, neutralised with 50% potassium hydroxide solution, and 
steam-distilled. The distillate was collected in a 5% acetic acid solution of p-nitrophenyl- 
hydrazine (50 ml.), giving acetone -nitrophenylhydrazone, reddish-yellow needles (from 
methanol), m. p. and mixed m. p. 148° (0-8 g.) (Found: C, 56-0; H, 5-8; N, 21-6. Calc. for 
C,H,,0,N,: C, 55-9; H, 5-9; N, 21-65%). 

In a similar experiment acetone was collected over 10% sodium hydroxide solution contain- 
ing freshly distilled benzaldehyde (4—5 drops). The solution was kept at 0° overnight, then 
extracted with ether, washed, and dried. The ethereal extract, on concentration, gave 
dibenzylideneacetone, yellow needles (from methanol), m. p. 110—111° (Found: C, 87-0; 
H, 6-0. Calc. for C,,H,,0: C, 87-2; H, 6-0%). 

The alkaline solution left after the removal of acetone was cooled and acidified (Congo Red) 
with 4Nn-sulphuric acid, then saturated with salt and extracted with ether (6 x 50 ml.) which 
was washed with water, dried, and freed from the solvent. The residual liquid was distilled 
ina vacuum. The fraction of b. p. 138°/40 mm. yielded levulic acid. This was purified by 
chromatography in 1: 1 benzene-light petroleum (b. p. 40—60°) over “‘ Celite ’’ (1-7 x 30cm.), 
with elution by the same solvent mixture. Fractions 5—8 (50 ml. each) gave levulic acid. 
An aqueous solution with a saturated 2N-sulphuric acid solution of 2 : 4-dinitrophenylhydrazine 
produced the yellow dinitrophenylhydrazone, m. p. and mixed m. p. 205—206° (from alcohol) 
(Found: C, 44-6; H, 4:1; N, 19-0. Calc. for C,,H,,O,N,: C, 44-6; H, 4-05; N, 18-9%). 

From the residue left after the distillation of levulic acid umbelliferone was isolated on 
sublimation at 90°/0-01 mm. 


The authors thank the University of Calcutta for financial assistance (to A. B.) 
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386. The Mechanism of Epoxide Reactions. Part I. The Reactions 
of 1:2-Epoxyethylbenzene, 1 : 2-Epoxy-3-phenylpropane, and 1 : 2- 
Epoxy-3-phenoxypropane with Some Secondary Amines. 

By N. B. Cuapman, N. S. Isaacs, and R. E. PARKER. 


Arrhenius parameters have been determined for the reactions of 1: 2- 
epoxyethylbenzene, 1 : 2-epoxy-3-phenylpropane, and 1 : 2-epoxy-3-phenoxy- 
propane with some secondary amines in 99-8% ethanol. In selected cases 
product analyses have been carried out by infrared spectroscopy whence 
it is inferred that all the reactions studied give entirely, or almost entirely, 
““normal’’ products. The kinetic results therefore refer unambiguously to 
attack at one position of the epoxide ring. The mechanism of the reactions 
is discussed and the effect of substituents is analysed in terms of the Taft 
linear free-energy relation. 


EPOXIDE resins are manufactured by the reaction of an epoxide, usually epichlorohydrin, 
with a dihydric phenol. From the phenol (I), the resin would have an idealised structure 
(II). The resin is then cured (?.e., cross-linked), usually by heating it with an amine. The 
curing process is known to involve reaction between amine molecules and the terminal 
epoxide groups in the resin. Primary, secondary, and tertiary amines are all used for 
curing, and especially polyamines (¢.g., 2 : 2’-diaminodiethylamine). The present paper 


GH 
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' CH; 
A ¥y is OH ~ Hs 2 
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a CH, = % CHs (II) 


records a kinetic study of the reactions between simple epoxides related to the resin (II) 
and a series of amines. Of the epoxides chosen for study, 1 : 2-epoxy-3-phenoxypropane 
is clearly related closely to (II), while 1 : 2-epoxyethylbenzene and 1 : 2-epoxy-3-phenyl- 
propane were included in order to determine the effect of structural variation in the 
epoxide molecule on the rate of the reaction. The amines piperidine, morpholine, and 
2-, 3-, and 4-methylpiperidine were chosen in order to determine both the polar and the 
steric effects of substituents in the amine molecule on the rate. Diethanolamine was 
included because of its relation to morpholine and to 2: 2’-diaminodiethylamine. Work 
is also being carried out with primary amines and this will be reported in a subsequent 
publication. Ethanol (99-8°%% w/w) was used as solvent because, in our experience, it 
is very suitable for the study of nucleophilic substitution, and, in particular, ion exchange 
with the solvent is usually unimportant.? 

Previous kinetic work on the reactions of epoxides with amines* and with other 
nucleophiles * has usually been restricted to purely aliphatic epoxides. Very few kinetic 
measurements have been made, and no Arrhenius parameters determined, for the reactions 

1 Narracott, Brit. Plastics, 1953, 24, 120. 

2 Cavell and Chapman, /J., 1953, 3392; Chem. and Ind., 1953, 1226. 

3’ Smith, Mattsson, and Andersson, Kgl. Fysiograf. Saliskap. Lund, 1946, 42, No. 7, p. 1; Hansson, 
Svensk kem. Tidskr., 1948, 60, 183; 1950, 62, 185; 1954, 66, 351; 1955, 67, 246; Andersson, Thesis, 
Lund, 1955; Eastham et al., Canad. J. Chem., 1951, 29, 575, 585; J., 1952, 1936; Berbé, Chimie et 
Industrie, 1950, 68, 3 bis, 492. 

4 Brénsted, Kilpatrick, and Kilpatrick, J. Amer. Chem. Soc., 1929, §1, 428; Lichtenstein and Twigg, 
Trans. Faraday Soc., 1948, 44, 905; Smith, Wode, and Widhe, Z. phys. Chem., 1927, A, 180, 154; 
Eastham and Latremouille, Canad. J. Chem., 1952, 30, 169; Nichols and Ingram, J. Amer. Chem. Soc., 
1955, 77, 6547; Petty and Nichols, ibid., 1954, 76, 4385. 
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of epoxides containing aryl residues. The reactions of epoxides with nucleophiles have 
usually been followed either by physical methods (e.g., dilatometry or polarimetry) ® or 
by adding a known excess of a reagent for epoxide (¢.g., hydrogen chloride or sodium 
thiosulphate) and determining the excess of this reagent. We have found none of these 
methods to be entirely satisfactory and we have developed a method for determining 
the tertiary amine produced, namely, by potentiometric titration with perchloric acid 
in a non-aqueous medium after acetylation of all the secondary amine (see Experimental 
section). This appears to be the first time these reactions have been followed by direct 
determination of the product. 

The mechanism of epoxide—amine reactions has been shown by previous work often 
to be a simple Sy2 displacement of oxygen by amine, followed by a rapid proton-transfer 
(no doubt via the hydroxylic solvent): 


Slow 


O O- 


R*CH——CH, + R’gNH —— R°CH—CH,** NHR’, 
| 


R*CH—CH,**NHR’, ——3 R°CH-CH,"NR’, 
Fast 
O- OH 
This simple kinetic picture is, however, complicated by two factors. First, the amine 
may attack either of the two epoxide-ring carbon atoms to give an amino secondary 
alcohol or an amino primary alcohol. These two routes are usually referred to as “‘ normal ”’ 
and ‘“‘ abnormal” ring-opening, respectively: 
 nicaee <4t— R*CH—CH, ——® RCH—CHy'NR’, 
ks k; | 
NR’, fe OH 
(abnormal) (normal) 


Most of the reactions between epoxides and nucleophiles under basic or neutral conditions 
give entirely or predominantly the normal isomer. However, there are many cases where 
no product analysis has been carried out and, even where this has been done, the methods 
used often leave much to be desired. It is, therefore, not surprising that the position is 
confused and that there are conflicting reports in the literature.6 If both reactions occur, 
the observed second-order rate constant will be the sum of the individual rate constants 
k, and k,, and the ratio of k, to k, will be determined by the product ratio. We have 
investigated the product ratio in three cases (piperidine with each of the three epoxides) 
by comparing the infrared spectrum of the product with that of each pure isomer. For 
this purpose the products obtained at 60° (the highest temperature used in the kinetic 
work) were chosen since it is likely that formation of the abnormal products will be more 
significant at higher temperatures. (The energy of activation will probably be higher 
for the formation of the abnormal isomers because of increased steric compression in 
the transition state.) With 1 : 2-epoxyethylbenzene each product was synthesised by an 
unambiguous route. With the other two epoxides the abnormal product was synthesised 
unambiguously, and the normal product by the reaction of the epoxide with piperidine, 
followed by crystallisation to constant melting point. In the cases of 1 : 2-epoxy-3- 
phenylpropane and 1: 2-epoxy-3-phenoxypropane the spectrum of the product was 
identical with that of the normal isomer. In the case of 1: 2-epoxyethylbenzene it is 
just possible to discern the “ abnormal ”’ peaks at 945 and 1022 cm." in the spectrum of 
the product; we estimate that these correspond to about 4°% of abnormal isomer; since 
this is such a small amount and is likely to be even less at lower temperatures we have 
ignored it in kinetic calculations. 

As the proportion of abnormal isomer will almost certainly decrease as the steric 


* Andersson ef al., ref. 3. 
* Swern, Billen, and Knight, J. Amer. Chem. Soc., 1949, 71, 1152; Hayes, ibid., 1950, 72, 3321. 
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requirements of the reagent increase, and as our other reagents are at least as bulky as 
piperidine, we assume that all our reactions give entirely, or almost entirely, normal 
product. It is noteworthy that we could not separate the isomeric piperidino-compounds 
related to 1 : 2-epoxyethylbenzene either by gas-chromatography (using Silicone grease 
on Celite) or by paper chromatography (using several different solvent mixtures for 
development). 

The second complication is due to the possibility of consecutive reactions. This is 
because the product of the reaction of a secondary amine with an epoxide contains a 
tertiary amino-group and may, therefore, react with further epoxide: 





R*CH—CHg ++ R’,NH ——t R*CH—CH,"NR’, —> 
O OH 
ss ia ditiadile ti Ss iiea eee dai wt OH 
| —» 
OH O- 4,0 OH OH 


Since our method of analysis does not distinguish between a tertiary amine and a quaternary 
ammonium hydroxide, we have investigated this possibility in the following manner: 
1 : 2-epoxyethylbenzene was allowed to react with an excess of piperidine, and a titration 
at “ infinite ’’ time (at least thirty times the half-life) carried out. This must correspond 
to the amount of tertiary (and quaternary) base present and, if no quaternary ammonium 
hydroxide is formed, also to the amount of epoxide present initially. If, however, 
quaternary hydroxide was formed, more than one mole of epoxide would be consumed per 
mole of titratable base (tertiary plus quaternary) formed and the “ infinity’ titration 
would correspond to less than the initial number of moles of epoxide. In fact, we found 
no quaternary hydroxide to be formed. 

A final complication in our system is the possibility of ethanolysis of the amines, 
followed by reaction of the ethoxide ion formed with the epoxide: 


R’yNH + EtOH === R’,NH,* + OFt- etur «4 Sica 
R*CH—CH, + OEt~- ——> 4 aia — RCH—CH,OFt + OFt- . . . (ii) 
\ y 
fe) o- OH 


The incursion of this reaction will be greatest with amines which are strong enough bases 
to produce ethoxide ions by reaction (i), but which are sufficiently sterically encumbered 
for their direct reaction with epoxide to be slow. In our system the amine most likely to 
produce this effect is 2-methylpiperidine. We have therefore examined the product from 
the reaction of 2-methylpiperidine and 1 : 2-epoxyethylbenzene by gas chromatography, 
but can find no evidence of 2-ethoxy-1-phenylethanol (less than 1% of the total product). 
Since this ether is absent in this case it is reasonable to assume it to be absent in the other 
cases also, and hence that reactions (i) and (ii) are probably unimportant in the systems 
we have studied. The reaction with ethoxide ion cannot be appreciable because it would 
be a first-order reaction (not consuming amine or ethoxide) and would be incompatible with 
our observed second-order kinetics. 


EXPERIMENTAL 

Materials.—1 : 2-Epoxyethylbenzene and 1: 2-epoxy-3-phenoxypropane (from Eastman 
Kodak Ltd.) were fractionated to constant refractive index through a 60 x 1-5 cm. column 
packed with Fenske helices, in nitrogen. The pure materials had b. p. 79-5—80°/18 mm., 
n,** 1-5334, and b. p. 78°/0-9 mm., ,"° 1-5336, respectively. 1 : 2-Epoxy-3-phenylpropane was 
prepared by the method of Fourneau and Tiffeneau? and, when fractionated to constant 
refractive index as above, had b. p. 92—93°/10 mm., m,*° 1-5262. 

Piperidine (from Robinson Bros., Ltd., free from pyridine and tetrahydropyridine), mor- 
pholine, and 2-methylpiperidine (from Hopkin and Williams, Ltd.) were dried (NaOH, and then 


7 Fourneau and Tiffeneau, Bull, Soc. chim. France, 1907, 1, 1226. 
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Na) and fractionated to constant refractive index. The pure materials had b. p. 105-5— 
105-6°/760 mm., »,,?° 1-4527; b. p. 129-0—129-5°/775 mm., m,** 1.4525; and b. p. 118°/750 mm., 
n,'*5 1-4480, respectively. Diethanolamine (from British Drug Houses, Ltd.) was fractionated 
twice, the middle fraction being collected each time, and finally fractionally frozen, giving a 
product of m. p. 28° (lit.,8 28°). 3- and 4-Methylpiperidine (from Hopkin and Williams, Ltd.) 
were purified through their hydrochlorides which had m. p. 172° (lit.,2 171—172°) and 189° 
(lit.,1° 186—189-5°) respectively. The free bases were then fractionated and had b. p. 125°/763 
mm., 2,” 1-4448, and b. p. 124-5°/755 mm., »,* 1-4430, respectively. 

Ethanol was dried by Lund and Bjerrum’s method." The water content was determined 
by Kar! Fischer titration to a conductimetric end-point, and adjusted to 0-20°, w/w by addition 
of distilled water 

Rate Measurements.—Epoxide (~0-01 mole) was weighed into a 100 ml. graduated flask, 
and about 70 ml. of 99-8% ethanol were added. The flask was placed in the thermostat and 
at zero time the amine, in approximately equivalent amount and previously weighed into a 
narrow-necked flask, was added together with 99-8°; ethanol to bring the volume to the mark. 
Aliquot parts (5 ml.) were run at appropriate intervals into a mixture of acetic anhydride 
(15 ml.) and acetic acid (5 ml.). The mixture was usually set aside for 2 hr. (at least 4 hr. in 
the case of 2-methylpiperidine): the reaction was immediately quenched thereby and the 
secondary amine quantitatively acetylated after 2 or 4 hr. The tertiary amine produced in 
the reaction, unaffected by the above treatment, was then determined by titration against 
perchloric acid in glacial acetic acid to a potentiometric end-point. The acetylated secondary 
amine is too feebly basic to affect the titration. For greater speed and accuracy the E.M.F. of 
the titration cell, containing silver-silver chloride and glass electrodes, was amplified by means 
of a valve voltmeter and read directly on a sensitive galvanometer. The end-point is then 
given by the single drop of perchloric acid added which causes the greatest deflection on the 
galvanometer. In this way a titration can be accomplished in 2—3 min., with an accuracy 
of 0-01 ml. of reagent added. 

Synthesis of Products.—1-Phenyl-2-piperidinoethanol. 1-Phenyl-2-piperidinoethanol, 
C;H,,N°CH,°CHPh-OH, previously prepared from phenacylpiperidine, C;H,,N-CH,°COPh, by 
reduction with sodium and ethanol,!* has been prepared by us by heating phenacylpiperidine 
(8 g., 0-04 mole) in propan-2-ol (30 g.) containing aluminium isopropoxide (15-5 g., 0-08 mole) 
for 4 hr., allowing the acetone formed to distil off. The excess of propan-2-ol was removed 
in vacuo and the base extracted with ether. 1-Phenyl-2-piperidinoethanol was obtained from 
the ether as prisms, m. p. 68° (lit.,15 68-5—69-5°) (Found: C, 76-2; H, 9-3; N, 6-5. Calc. for 
C,3;H,,ON: C, 76-0; H, 9-3; N, 6-8%) [picrate, m. p. 137° (lit.,15 137-5°); methiodide, m. p. 
137° (lit.,%2 136—137°)]. It was identical with that prepared by heating 1 : 2-epoxyethyl- 
benzene (10 g., 0-084 mole) with piperidine (8-8 g., 0-1 mole) in ethanol at 50° for 48 hr. After 
removal of solvent and excess of piperidine im vacuo, the product was crystallised from ethanol 
until it melted sharply at 69-5° (mixed m. p. 69°). 

2-Phenyl-2-piperidinoethanol. Methyl piperidinophenylacetate, C;H,,N-CHPh’CO,Me, 
prepared by Klosa’s method, gave a methiodide (needles from ethanol), m. p. 151-5° (Found: 
C, 48-2; H, 6-0; I, 33-4. C,,H,,O,NI requires C, 48-0; H, 5-9; I, 33-8%). The ester-amine 
(13-2 g., 0-053 mole) was added in dry ether (20 ml.) during 1 hr. to a slurry of lithium alu- 
minium hydride (3-4 g., 0-09 mole) in boiling ether (500 ml.). The solution was heated under 
reflux for a further 4 hr., after which water (100 ml.) was added. After filtration the ethereal 
layer was separated and dried (Na,SO,) and the ether removed. Distillation in vacuo of the 
residue gave 2-phenyl-2-piperidinoethanol, b. p. 102—104°/0-002 mm., ,,*> 1-5434 (9-5 g., 82%) 
(Found: C, 76-5; H, 9-4. C,;H,,ON requires: C, 76-0; H, 9-3%) [picrate, m. p. 140° (from 
slightly ethanolic water) (Found: C, 53-1; H. 5-2. C,,H,.O,N, requires C, 52-5; H, 5-1%)}. 
Although this has been mentioned before no method of preparation or physical constants were 
given. 


® Knorr, Ber., 1897, 30, 915. 

® Franke and Kohn, Monatsh., 1902, 23, 877. 

10 Paden and Adkins, J. Amer. Chem. Soc., 1936, 58, 2495. 

11 Lund and Bjerrum, Ber., 1931, 64, 210. 

12 Rabe and Scheider, Annalen, 1909, 365, 380. 

13 Krénke, Ber., 1934, 67, 660. 

14 Klosa, Arch. Pharm., 1952, 285, 332. 

18 Thomson, Walker, and Dunn, J. Amer. Pharm. Soc., 1953, 42, 647. 
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1-Phenyl-3-piperidinopropan-2-ol. This compound, C;H,,N*CH,*CH(OH)-CH,Ph, prepared 
from 1 : 2-epoxy-3-phenylpropane by the method of Fourneau, Tréfouel, and Tréfouel,!* crys- 
tallised from ethanol to m. p. 44-5° (Found: C, 76-5; H, 9-3. Calc. for C,,H,,ON: C, 76-7; 
H, 9-6%). 

3-Phenyl-2-piperidinopropan-1-ol. «-Bromo-$-phenylpropionic acid,!? b. p. 128—130°/0-1 
mm., crystallised in colourless needles. It (23 g., 0-1 mole) was added to piperidine (60 g., 
0-7 mole) in water (100 ml.) ; the solution was kept at room temperature for 1 hr., then evaporated 
at 60°/12 mm. The white solid was repeatedly extracted with boiling absolute ethanol until 
the residue no longer contained bromide ion. The residue, recrystallised from 10% aqueous 
ethanol, gave 8-phenyl-x-piperidinopropionic acid (12-5 g., 61%), m. p. 213—213-5° (Found: 
C, 71:8; H, 8-0; N, 5-7. C,gH,gO,N requires C, 72-1; H, 8-1; N, 6-0%). The hydrochloride 
obtained by the action of ethanolic hydrogen chloride had m. p. 203° (Found: C, 62-3; H, 7-4; 
N, 5:5. C,,H,9O,NCI requires C, 62:3; H, 7-4; N, 5-2%). 

By the Fischer method, this acid (10 g., 0-043 mole; dried at 100°/12 mm.), gave a glass 
which consisted of the hydrochlorides of the acid and its ethyl ester. The glass was dissolved 
in water and cooled to <10°, and ether added. 0-1n-Sodium hydroxide was slowly added 
until the solution was just alkaline. The ethereal layer was removed and the aqueous solution 
shaken twice more with ether. The combined ethereal extracts were dried (Na,SO,) and 
evaporated at 50°/12 mm.; there remained only ethyl 8-phenyl-x-piperidinopropionate whose 
methiodide formed prisms (from ethanol), m. p. 150°. Unchanged amino-acid was recovered 
from the aqueous solution remaining after ether-extraction and recycled. 

The ester (4 g., 0-015 mole), in dry tetrahydrofuran (20 ml.), was added during 2 hr. toa 
stirred slurry of lithium aluminium hydride (1-25 g., 0-03 mole) in tetrahydrofuran (50 ml.) at 
room temperature, and the mixture heated to 40° and stirred for a further hour. Water 
(50 ml.) was added, followed by ether (100 ml.). The liquid was filtered and the ethereal layer 
separated, dried (Na,SO,), and evaporated at 40°/12 mm. Crystallisation of the residue from 
light petroleum (b. p. 40—60°) yielded 3-phenyl-2-piperidinopropan-l-ol as prisms, m. p. 
48—48-5° (Found: C, 76-8; H, 9-6; N, 6-2. C,,H,,ON requires C, 76-8; H, 9-6; N, 6-4%) 
[methiodide (from ethanol), m. p. 153—153-5° (Found: C, 50-2; H, 6-7; I, 35-2. C,;H,,ONI 
requires C, 49-8; H, 6-7; I, 35-1%); 2:4: 6-trinitrobenzenesulphonate, needles (from ethanol), 
m. p. 117° (Found: C, 46-2; H, 4:8; N, 10-5. CygH.,O,9N,S requires C, 46-8; H, 4-7; 
N, 10-9%)]. 

1-Phenoxy-3-piperidinopropan-2-ol. This compound, C,;H,)N*CH,*CH(OH)*CH,°OPh, pre- 
pared by heating 1 : 2-epoxy-3-phenoxypropane and piperidine in ethanol at 50° (cf. Bradley, 
Forrest, and Stephenson 48), formed needles (from ethanol), m. p. 54° (Found: C, 70-7; H, 9-0; 
N, 6-0. Calc. for C,,H,,O,N: C, 71-4; H, 9-0; N, 6-0%). 

3-Phenoxy -2-piperidinopropan-1-ol. Diethyl piperidinomalonate, C;H,j)N-CH(CO,Et),, 
prepared according to Jones and Wilson’s method ?* for diethyl dimethylaminomalonate, had 
b. p. 121—122°/0-25 mm., »,” 1-4570, and gave a 2:4: 6-trinitrobenzenesulphonate, m. p. 
154—155° (Found: C, 41-1; H, 4-6. C,,H,,0,,;N,S requires C, 40-3; H, 45%). The ester 
(24-3 g., 0-1 mole) in ether (30 ml.) was added during 1 hr. to lithium aluminium hydride (7-6 g., 
0-2 mole) in boiling ether (100 ml.). The mixture was boiled for a further 6 hr., treated with 
water (50 ml.), and filtered. The ethereal layer was separated and the aqueous layer shaken 
with two further portions of ether. The combined ethereal extracts were dried (Na,SO,), the 
ether was removed, and the residue distilled; 2-piperidinopropane-1 : 3-diol (III) (4-5 g., 30%) 
had b. p. 156—160°/13 mm.; its 2: 4: 6-trinitrobenzenesulphonate formed prisms (from water), 
m. p. 184-5° (Found: C, 37-2; H, 4:2. C,,H290,,N,S requires C, 37-2; H, 4-4%). 

The diol (4 g., 0-025 mole) was treated in benzene (30 ml.) with thionyl chloride (3 g., 0-025 
mole) dropwise. The precipitate crystallised when the solution was boiled for 30 min. and 
recrystallised from 10% aqueous ethanol as plates of dihydro-5-piperidino-1 : 3 : 2-dioxathiin- 
2-oxide hydrochloride (IV), m. p. 148° (Found: C, 40-0; H, 6-5; Cl, 15-0. C,H,gO,;NCIS 
requires: C, 39-8; H, 6-6; Cl, 14-7%). 

Sodium (1-58 g., 0-025 g.-atom), dissolved in phenol (30 ml.), was added to the preceding 
salt (3 g., 0-0125 mole) in phenol (20 ml.) and the whole kept at 60° for 12 hr. The solution was 


16 Fourneau, Tréfouel, and Tréfouel, Bull. Soc. chim. France, 1928, 48, 454. 
17 Fischer, Ber., 1904, 37, 3062; Fischer and Carl, Ber., 1906, 39, 4002. 

18 Bradley, Forrest, and Stephenson, /J., 1951, 2877. 

19 Jones and Wilson, J., 1949, 547. 
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made just acid with dilute hydrochloric acid, and phenol was removed by ether (3 x 100 ml.). 
The aqueous solution was then made just alkaline by 0-2N-sodium hydroxide, and the precipit- 
ated base extracted with ether. Removal of the ether and distillation gave 3-phenoxy- 
2-piperidinopropan-l-ol (V), b. p. 120°/0:038 mm. (2: 4: 6-trinitrobenzenesulphonate, 


RHO. /SHy0H 
CyHygN*CH(CH,*OH), ——B C,H,pNH*—HC SO Cl- ——t C,H,9N-CH 
\CH,-0% \CH4'OPh 
(III) (IV) (V) 


prisms (from water), m. p. 157° (Found: C, 45-4; H, 4-3. C.9H.,0,,N,S requires C, 45-4; 
H, 4:5%)). 

2-Ethoxy-1-phenylethanol. 1: 2-Epoxyethylbenzene (25 g.) was added to a solution from 
sodium (2 g.) in ethanol (100 ml.) and kept at 60° for 24 hr. The ethanol was removed in vacuo, 
and the residue dissolved in ether and washed with dilute sulphuric acid, sodium carbonate 
solution, and water. The ethereal solution was dried (Na,SO,), the ether removed, and the 
residue distilled to give 2-ethoxy-1-phenylethanol, b. p. 97—98°/0-6 mm. Gas-chromatography 
of this product (on Silicone resin supported on Celite) showed two closely spaced peaks, the 
heights and distances from the origin of which indicated that the product consisted of 
two components present in a ratio of ~5:1. These two are probably 2-ethoxy-l- and 
-2-phenylethanol respectively, although we have not proved this since it is not important for 
our purpose. 

Product Analysis.—Infrared analysis. For the reaction between 1 : 2-epoxy-3-phenyl- 
propane and piperidine infrared spectra were determined for (a) the actual reaction product 
(obtained by allowing the reaction in ethanol to go to completion and removing the ethanol and 
excess of piperidine im vacuo), (b) the ‘‘ normal’”’ product, 1-phenyl-3-piperidinopropan-2-ol, 
and (c) the ‘“‘abnormal”’ product, 3-phenyl-2-piperidinopropan-l-ol. Analogous deter- 
minations were carried out for the reaction between 1: 2-epoxy-3-phenoxypropane and 
piperidine, and for that between 1 : 2-epoxyethylbenzene and piperidine. All the measurements 
were made on carbon tetrachloride solutions with a Unicam S.P. 100 double-beam, infrared 
spectrophotometer. 

Ethanolysis investigation. The reaction between 1: 2-epoxyethylbenzene and 2-methyl- 
piperidine in ethanol was allowed to go to completion and the product, after removal of ethanol 
and excess of amine im vacuo, submitted to gas-chromatography on a column of Silicone resin 
supported on Celite. No peak was observed at the retention time corresponding to the product of 
reaction of 1 : 2-epoxyethylbenzene and ethanolic sodium ethoxide (see above). The 1 : 2-epoxy- 
ethylbenzene—2-methylpiperidine product containing 3% of added ethanolysis product was also 
submitted to gas-chromatography: the peak due to the ethanolysis product was clearly visible. 
We estimate that less than 1% of ethanolysis product in our product would have been detectable. 


RESULTS 


The reaction between 1 : 2-epoxyethylbenzene and piperidine at 54-75° was carried out at 
three different initial concentrations, and, by application of the differential method of deter- 
mining reaction orders,?° was shown to be of the first order with respect both to the epoxide 
and to the amine (orders 1-00 and 0-99 respectively). This was assumed to hold for the other 
cases also, as they all obeyed the second-order rate law: 


dz/dt=hk,a—xz)(b-—*) . . . . .... (i) 
giving i= 2-303 lo b 2-303 eg 
kyla —b) "a ka—b) 8b —x 





where a is the initial concentration of epoxide and 6 is the initial concentration of amine. 
Values of the second-order rate constant, k,, were determined graphically by plotting 
logy» [(@ — *)/(b — x)] against ¢. The slope of the line is equal to 2-303/[k,(a — b)]. The 
points all fell on good straight lines. A good proportion of the reaction was always followed, 
usually 10—70%, and all the runs were done in duplicate, the values of k, generally agreeing 
to better than 1%. Titrations at “infinite ”’ time (at least thirty times the half-life) were 


*@ Laidler, “‘ Chemical Kinetics,” McGraw-Hill, New York, 1950, p. 14. 
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TABLE 1. Measured rate constants, 10*k, (1. mole sec.”). 
(Figures in parentheses are temperatures in °c.) 
Piperidine Morpholine Diethanolamine 
1 : 2-Epoxyethylbenzene ............... 0-170 (0-00°) 0-446 (19-88°) 0-0787 (19-20°) 
1-50 (24-88) 1-47 (34-84) 0-414 (38-80) 
7-00 (44-00) 4:14 (49-28) 1:93 (60-03) 
14-8 (54-75) 
1 : 2-Epoxy-3-phenylpropane ......... 1-54 (20-43) 1-06 (29-58) 0-129 (19-20) 
8-96 (44-22) 2-84 (44-35) 0-577 (38-84) 
16-90 (54-26) 7-18 (58-78) 2-27 (60-10) 
1 : 2-Epoxy-3-phenoxypropane ...... 3-05 (15-18) 1-31 (15-73) 0-488 (19-20) 
10-0 (29-67) 5:30 (34-41) 2-27 (38-75) 
27-7 (44-10) 20-14 (54-55) 9-43 (60-34) 
2-Methyl- 3-Methyl- 4-Methyl- 
piperidine piperidine piperidine 
1 : 2-Epoxyethylbenzene ............... 0-236 (24-70) 1-67 (24-65) 1-60 (24-55) 
0-863 (39-75) 5-49 (39-80) 5-21 = (39-75) 
3-95 (59-75) 21-4 (59-70) 20-4 (59-70) 


TABLE 2. Rate constants interpolated to 35°, and Arrhenius parameters. 


(Rk, and A in 1. mole sec.!; E in kcal. mole.) 


Piperidine Morpholine Diethanolamine 
10k, (35°) E logy A 10%, (35°) E logy A 10%, (35°) E  logyA 

1 : 2-Epoxyethyl- 

DOMBEME ...00005000. 3°43 14:42 6-76 1-47 14-40 6-38 0-271 15-59 6-53 
1 : 2-Epoxy-3-phenyl- 

oe ee 4-63 13-8i 6-45 1-54 12:97 5-39 0-436 13-60 5-27 
1 : 2-Epoxy-3-phen- . 

oxypropane ...... 14-62 13:87 7-09 5-56 13°30 6-17 1:70 14:00 6-15 


2-Methylpiperidine 3-Methylpiperidine 4-Methylpiperidine 


: 2-Epoxyethyl- 


benzene 0-579 15:64 6-86 3-80 14-45 6-83 3-67 14:25 6-67 


carried out in several cases and gave values of 99-6—100-8% reaction. This shows that the 
reactions are irreversible and free from side-reactions. 
The results are summarised in Table 1, and values of &, interpolated to 35°, together with the 


Arrhenius parameters are collected in Table 2. 


DISCUSSION 

Since the reactions all obey the second-order rate law and have been shown to be free 
from various possible complications, it is reasonable to assume that the mechanism is Sy2, 
involving attack of the nucleophile on the methylene group of the epoxide ring with 
simultaneous displacement of the ring-oxygen atom. Thus the transition state may be 
represented as (VI). The carbon-oxygen partial bond will be weaker than is usual in Sy2 
transition states because of incomplete overlap of atomic orbitals. However, the same 
bond is also weaker than a normal carbon-oxygen bond in the initial state for the same 


5g ~~ +4 Teason and, to a first approximation therefore, this factor will not affect 
Fie the rates. The charge separation involved in forming the transition state 
yw implies that the reactions should be strongly favoured by a change to a 
NHR’, More powerfully solvating solvent and preliminary experiments showed that 

(VI) ** the reaction between 1: 2-epoxyethylbenzene and piperidine was much 


slower in dioxan (a less strongly solvating solvent than ethanol) than in ethanol. 

The effect of the substituent group, R, on the rates might be expected to be different 
from the effect of substituent groups in Sy2 reactions of open-chain compounds. As 
Hinshelwood, Laidler, and Timm have shown,”! the activation energy in such reactions 
can be considered approximately as being composed of two factors: (a) the repulsion 

*! Hinshelwood, Laidler, and Timm, /,, 1938, 848. 
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energy (energy necessary to bring up the reagent from infinity to its transition-state 
distance), and (b) the bond-stretching energy (energy necessary to stretch the C-O bond 
from its initial to its transition-state length). In Sy2 reactions of open-chain compounds 
(e.g., alkyl halides) the polar effect of a substituent group on these two energy factors is 
in opposite directions. Thus an electron-withdrawing group will, by virtue of increasing 
the positive charge on the carbon atom attacked, lower the repulsion energy but increase 
the bond-stretching energy. The total effect is, therefore, ambiguous and the experi- 
mental results are difficult to interpret because of the simultaneous operation of a steric 
effect of the substituent group. In the reactions studied here, however, the polar effect 
of the substituent is unambiguous. An electron-withdrawing group will increase the 
positive charge on the carbon atom being attacked and therefore lower the repulsion 
energy. This increased positive charge will not greatly affect the bond-stretching energy 
because the positive charge on the oxygen end of the C—O bond will be increased by a similar 
3+ amount. Thus if R is an electron-withdrawing group the charge 
Pal situation will be as in (VII). Hence an electron-withdrawing group 
5 R<«t—CH. | _ should, by its polar effect, facilitate the reaction. That this is so 
(VII) cu, can be seen by comparing the reactions of 1 : 2-epoxy-3-phenoxy- 
** propane with those of 1 : 2-epoxy-3-phenylpropane, the phenoxy- 
methyl group being more electron-withdrawing than benzyl and increasing the rate by a 
factor of 3-4. 

Since an electron-withdrawing group will increase the positive charge on the CH 
carbon more than that on the CH, carbon, it might have been expected that attack would 
have taken place at the former (although in this case the total effect of the substituent 
group on repulsion energy and bond-stretching energy would again be ambiguous). That 
this does not happen is no doubt due to the primary steric effects of the bulky substituent 
groups used here, together with the fact that the amines are all secondary and themselves, 
therefore, capable of producing appreciable primary steric effects. 

An approximate analysis of the effect of substituent groups can be made in terms of 
Taft’s polar and steric substituent constants o* and E,.% Taft deduced the equation: 


logio & — logy Ry = e0* + Es 


where k, = rate of reaction of the parent compound, k = rate of reaction of a substituted 
derivative, o* = polar substituent constant, dependent only on the nature of the 
substituent, E, = steric substituent constant, and p = reaction constant, measuring the 
susceptibility of the reaction to the polar effect of substituent groups. For alkaline ester 
hydrolysis Taft found p = 2-48. If we assume that steric as well as polar effects of groups 
conform to a linear free-energy relation Taft’s equation can be rewritten as: 


l0gig & — logy kg = e0* + e’E, 


where 9’ is now a reaction constant measuring the susceptibility of the reaction to steric 
effects of substituent groups. Taking the reaction of 1:2-epoxypropane as standard 
and regarding the oxides used here as derived from 1 : 2-epoxypropane by replacement 
of the methyl group by phenyl, benzyl, and phenoxymethy]l respectively, we may insert 
the values of o* and E, given by Taft for these groups in the above equation, together 
with the values of k for the reactions with piperidine. This gives three simultaneous 
equations with three unknowns (hp, p, and 9’) and there is, therefore, a unique solution. 
It must be emphasised that, because of this, our results do not in any way confirm Taft’s 
equation. We assume the equation to hold and use the values of e and 9’ to give a measure 
of the susceptibility of the reaction to polar and steric effects of substituents, respectively. 
Similar calculations for the reactions with morpholine and with diethanolamine give 
values of ky, e, and »’ for these reactions also and the results are collected in Table 3. 


*2 Taft, J. Amer. Chem. Soc., 1952, 74, 2729, 3120; 1953, 75, 4231, 4534, 4538. 
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TABLE 3. Reactions of epoxides in 99-8°/, ethanol at 35° 


(ky is the rate constant for the reaction of the parent 1 : 2-epoxypropane.) 


Reagent p p’ 10*k, (1. mole sec.~) 
III «ic cccesessescnstuisiventenshiies 0-8 0-2 
ING se cwccusincatncssesesaeniaesdeies 0-9 0-2 1 
IE iisciscenimisssnrineintven 0-9 0-2 0-3 


Because of the frequent occurrence of deviations from linear free-energy relations, and 
because our measurements cover only three substituent groups, the results in Table 3 are 
subject to considerable uncertainty. Nevertheless it seems worthwhile to compare them 
with those found by Taft for the alkaline hydrolysis of esters (p = 2-48, e’ = 1). It is 
significant that the values of p for our reactions are about three times smaller than those 
for ester hydrolysis, where the substituent group is one carbon atom nearer the position 
of attack: 


o 

r >" l 
R—CH—CH, R—C—OR’ 
Epoxide reactions Ester hydrolysis 


The values of o’ for the reactions studied here are about five times smaller than those 
for alkaline ester hydrolysis, even though the amine reagents are all considerably more 
bulky than the hydroxide-ion reagent in ester hydrolysis. If the reagents were com- 
parable in size to the hydroxide ion the difference in p’ would no doubt be even greater. 
These results emphasise the fact that steric effects of groups often fall off more rapidly 
than polar effects as the substituent group is moved further from the point of attack. 

The effect of varying the amine on the rates of reaction with a given epoxide has been 
most fully investigated for 1 : 2-epoxyethylbenzene, which has been allowed to react with 
six secondary amines. The rates of reaction at 25° in ethanol are compared with the basic 
strengths of the amines at 25° in water in Table 4. A plot of pK, against log & is approxi- 
mately linear for piperidine, morpholine, and 3- and 4-methylpiperidine. The points for 


TABLE 4. Reactions with 1 : 2-epoxyethylbenzene in ethanol at 25°. 


Amine log k pK, (in water at 25°) 
EEE, - i: ssncsincceasssnanschineuersatsonainees — 3-824 11-13 * 
IIE « cxinicsseadserrhpatdacmesioanaiaviedesunes —4:177 8-38 %4 
RN 5, cc caiatnieciceeminbebsebweubkunds — 4-886 8-88 %3 
SIND 550. scscovccnsanseeisvasdonsanses — 4-625 10-87 *5 (11-15 26, 10-98 25) 
NEED a ricscisrsasesassasesesscesenseree —3-775 10-92 25 (11-14 2°) 
IND iss sdsesienecSeccnpaniaseesesess — 3-796 10-89 2 


diethanolamine and 2-methylpiperidine lie off the line, so that both these amines react 
more slowly than their basic strengths would suggest: this in undoubtedly due to primary 
steric effects, which must be of approximately the same magnitude for the reactions of 
these two amines since the relevant points lie an almost equal distance from the line. 
The introduction of a methyl group into the 3- or the 4-position of piperidine should not 
alter the steric requirements of the reagent and the order of rates found, 3-methyl- 
piperidine > 4-methylpiperidine > piperidine, is what would be expected on the basis of 
the inductive effect of the methyl group. 

The Arrhenius parameters for all the reactions studied are collected in Table 2. The 
energies of activation all lie within the range 13-0—14-5 kcal./mole except for the reactions 
of 1 : 2-epoxyethylbenzene with diethanolamine and with 2-methylpiperidine, which both 
have energies of 15-6 kcal./mole. The last two are the reactions of the most bulky epoxide 


23 Hall and Sprinkle, J. Amer. Chem. Soc., 1932, 54, 3479. 
24 Ingram and Luder, ibid., 1942, 64, 3043. 

25 N.S. Isaacs, unpublished work. 

26 Horowitz and Rila, J. Amer. Chem. Soc., 1958, 80, 433. 
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with the two most bulky amines and the high energies are clearly due to primary steric 
effects. The values of logy, A, 1.e., the entropy of activation factor, vary within the range 
5-27—7-09 and, because of this, it is evident that the differences in energy of activation 
involve changes of kinetic energy as well as potential energy and cannot, therefore, be 
correlated directly with structural changes. It is more rewarding in these reactions to 
consider structural variations in terms of changes in free energy of activation at 25° (as 
measured by log & for 25°) than in terms of changes in energy of activation. This has 
already been done in the above application of the Taft equation. 


Grateful acknowledgment is made to Leicester, Lovell and Co., Ltd., for financial assistance 
to N.S. I. 


THE UNIVERSITY, SOUTHAMPTON. [Received, January 8th, 1959.} 





387. The Preparation and Physical Properties of the Pure 
Lutidines. 


By E. A. Coutson, J. D. Cox, E. F. G. HErtncton and J. F. Martin. 


The preparation and purification of 2: 3-, 2:4-, 2:5-, 3:4-, and 3: 5- 
lutidine are described. The purities of the samples have been established by 
melting-point measurements. Properties which have been measured or 
computed are: freezing points and cryscopic constants, vapour pressure- 
temperature relationships, boiling points, latent heats of vaporization, 
densities, coefficients of expansion, refractive indices, and infrared absorption 
spectra. 


MEASUREMENTS of certain physicochemical properties of pure 2 : 6-lutidine were recorded 
earlier. We now give results for the less accessible 2:3-, 2:4-, 2:5-, 3:4, and 3: 5- 
dimethylpyridines. These all occur in shale-oil or coal-tar, although only the 2:4 and 
2 : 5-lutidines are sufficiently plentiful in a commercial tar-base lutidine fraction for this 
to be a convenient source for their extraction on the kilogram scale.*. The extraction of 
2 : 3-lutidine is tedious and this base is perhaps more readily secured by synthesis. For 
the remaining 3 : 4- and 3: 5-lutidine, there are no feasible alternatives to synthesis as a 
method for their preparation in quantity. 

Batches of 2 : 4- and 2 : 5-lutidine were therefore prepared from a commercial “ lutidine 
fraction, b. p. 155—161°,” the first through its hydrochloride, the second through the 
phenol complex.* Some 2: 3-lutidine was secured as a by-product of these operations 
through the urea complex * but more was synthesised by Wibaut and Kooyman’s method.® 
3:4-Lutidine was also synthesised by their route. The starting material for both 
syntheses was ethyl acetoacetate and by various improvements in the successive stages it 
was possible to work on a much greater scale and to increase the overall yields. 

In the course of our work a commercial specimen of 3 : 5-lutidine became available. 
It contained non-basic and aldehydic contaminants and was probably the result of a 
thermal treatment of propionaldehyde-ammonia. Pure 3: 5-lutidine obtained from it 
was supplemented with synthetic material made from diethyl acetonedicarboxylate by a 
five-stage process.® 

An essential step in the purification of all five bases was the removal of non-basic 
impurities. The standard of purity required, ca. 99-9 moles °%, was reached by fractional 

1 Biddiscombe, Coulson, Handley, and Herington, J., 1954, 1957. 

* Coulson, Hales, Holt, and Ditcham, J. Appl. Chem., 1952, 2, 71. 

% Coulson, B.P. 715,680/1954. 

. Milner and Y.T.D., B.P. 584,148/1947. 

6 


Wibaut and Kooyman, Rec. Trav. chim., 1944, 63, 231. 
Coulson and Ditcham, /J., 1957, 356. 
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distillation, fractional freezing, and treatment with calcium hydride to remove traces 
of water, followed by distillation 1m vacuo. 

The physicochemical properties which have been measured on samples of these highly 
purified bases or computed from measurements, are given in the Tables, and provide a 
basis for the characterization of pure or mixed specimens and for setting up analytical 
and separation techniques. Although we have compared our results with published data 
no useful purpose would be served by presenting a detailed collation. Many previous 
measurements are of lower precision, and all were made on materials of which the purity 
was quantitatively unknown. In general the most reliable previous values are due to 
Eguchi.” 

Certain physicochemical measurements on specimens of some of these bases have 
already been reported from this laboratory: heats of combustion and formation;® solu- 
bilities in water and in deuterium oxide;® activity coefficients;® ultraviolet absorption 
spectra and dissociation constants;!® vapour pressures;14 second virial coefficients; '* 
and critical temperatures.'* 


EXPERIMENTAL 


Preparation of Pure 2: 5-, 2: 4-, and 2: 3-Lutidine from Tar Base Fractions.—2 : 5-Lutidine. 
Commercial “‘ 2 : 4-2 : 5-lutidine ’’ contains somewhat more than 50% of the 2: 4-isomer along 
with about 30—40% of 2: 5-lutidine and smaller proportions of 2: 3-lutidine and 2-ethyl-6- 
methylpyridine. The separation of a kilogram of 2: 5-lutidine, purity 95%, from a commercial 
lutidine fraction was effected through the phenol complex.”* Final purification was by frac- 
tional freezing, the base being kept at such a temperature that at least 24 hr. were required 
after seeding before 90—95% was frozen. The liquid was poured off, the crystals were melted 
and the process repeated until estimation showed that the required purity had been reached. 
The best sample of 2 : 5-lutidine so secured (593 g.) was dried by slowly distilling off about 10% 
in a fore-cut and the remaining portion had a purity of 99-85 moles % after distillation in vacuo 
from calcium hydride. 

2:4-Lutidine. A lutidine fraction containing a known amount of the 2: 4-isomer was 
diluted with twice its volume of benzene, and dry hydrogen chloride was bubbled through the 
mixture until the increase of weight corresponded to the transformation of the 2: 4-isomer 
content into hydrochloride. The precipitated hydrochloride was filtered off and washed with 
benzene. The crude hydrochloride obtained in this way from commercial “ 2: 4-2: 5- 
lutidine ’’ contained hydrochlorides of other bases which were removed by recovering the bases 
and repeating the precipitation process, and there was some advantage in first removing the 
2 : 5-isomer as the phenol complex. When hydrochloride was precipitated from a base mixture 
containing more than 70% of 2: 4-isomer it could be further purified without difficulty by 
crystallization from alcohol to constant m. p. 214—214-5°. 

Base recovered from this hydrochloride was finally purified by fractional freezing and dried 
by slowly distilling off a fore-cut which contained most of the water. The best specimen (500 g.) 
had a purity of 99-92 moles % after being dried (CaH,). 

2: 3-Lutidine. As the content of 2: 3-lutidine in tar-base lutidine fractions may be as low 
as 3% it is convenient to concentrate it by fractional distillation and by separation of 2: 4- 
and 2: 5-lutidine as described. To such an enriched fraction (300 g.) were added urea (340 g.) 
and water (300 g.) and the mixture was heated until it formed a single liquid phase. This was 
cooled and the 2 : 3-lutidine-urea complex which separated was crystallised twice from about 
one-fourth of its weight of water. It decomposed when steam-distilled and the base was re- 
covered from the aqueous condensate. Crude 2: 3-lutidine (80 to 90% pure) from several 


7 Eguchi, Bull. Chem. Soc. Japan, 1928, 3, 227. 

8 Cox and Gundry, J., 1958, 1019. 

® Andon and Cox, J., 1952, 4601; Cox, J., 1952, 4606; J., 1954, 3183; Andon, Cox, and Herington, 
J., 1954, 3188; Discuss. Faraday Soc., 1953, No. 15, 168; Trans. Faraday Soc., 1957, 58, 410; Cox and 
Herington, Trans. Faraday Soc., 1956, 52, 926. 

10 Andon, Cox, and Herington, Trans. Faraday Soc., 1954, 50, 918. 

11 Herington and Martin, Trans. Faraday Soc., 1953, 49, 154. 

12 Andon, Cox, Herington, and Martin, Trans. Faraday Soc., 1957, 58, 1074. Cox and Andon, Trans. 
Faraday Soc., 1958, 54, 1622. 

18 Ambrose and Grant, Trans. Faraday Soc., 1957, 58, 771. 
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batches was purified by again forming and crystallizing the urea complex. When the purity had 
reached 95% fractional freezing was resorted to for the final purification (as with the synthetical 
sample, below). 

Synthesis of Pure 3:4- and 2: 3-Lutidine.—3:4-Lutidine. By allowing concentrated 
ammonia solution to react with ethyl a-methylacetoacetate, Wibaut and Kooyman ® obtained 
a mixture of a-methylacetoacetamide and ethyl $-amino-z-methylcrotonate. The former, 
which remained in the aqueous ammonia, served for the preparation of 3: 4-lutidine; the latter, 
which crystallized was filtered off and used for the preparation of 2: 3-lutidine. It is preferable 
to avoid forming these two intermediates simultaneously, otherwise there is cross-contamination 
of products and loss and difficulty in succeeding stages of the two synthetic routes When 
ethyl a-methylacetoacetate reacted with a mixture of ammonia and ethyl cyanoacetate in 
aqueous solution the formation of the diammonium salt of 5-cyano-2: 6-dihydroxy-3: 4- 
dimethylpyridine (required for the further stages in the preparation of 3 : 4-lutidine) was quicker 
and more complete than when the reactions with ammonia and ethyl cyanoacetate were 
successive. 

Ethyl a-methylacetoacetate, prepared ™ from ethyl acetoacetate (343 g.) but not distilled 
(and hence containing some ethyl acetoacetate), ethyl cyanoacetate (300 g.), and ammonia 
solution (1500 ml., s. g. 0-880) were mixed in a Winchester quart bottle which was stoppered 
and shaken for 4 or 5 days. The diammonium salt was filtered off and air-dried, the yield 
being 330 g. (58%). In all, 3-8 kg. of the salt were prepared and converted into 2-075 kg. of 
2 : 6-dihydroxy-3 : 4-dimethylpyridine (77-8%) by Wibaut and Kooyman’s method.5 The 
conversion of the dihydroxy- into the dichloro-compound was effected in an autoclave on a 
scale one hundred times that of Wibaut and Kooyman, the yield from 2-075 kg. being 2-084 kg. 
(79%). 

The reduction of 2 : 6-dichloro-3 : 4-dimethylpyridine to 3: 4-lutidine was carried out with 
110 g. batches of dichloro-compound, 8 g. of palladium chloride being added at the start and 
a further 5 g. when the reaction had slowed down after absorption of 2/3 of the stoicheiometric 
amount of hydrogen. 

The crude 3 : 4-lutidine was freed from non-basic contaminants by blowing steam through a 
solution in 1-2 equiv. of 22-6% sulphuric acid.1 The 3: 4-lutidine (1-056 kg., 83-4% from the 
dichloro-derivative or 29-7% over the five stages from ethyl acetate) nevertheless still contained 
about 2% of y-picoline (shown by the infrared spectrum) which was removed in a fore-cut 
boiling below 176°, with a fifty-plate column. The main bulk of base remaining was next 
subjected to a series of slow fractional freezings and a final distillation to reduce the water 
content. The best material (775 g.) contained less that 0-05% by volume of water and after 
drying (CaH,) was 99-88 moles % pure (by m. p. determination). 

2: 3-Lutidine. A better way of securing ethyl §-amino-«-methylcrotonate than that 
employed by Wibaut and Kooyman 5 is by heating ethyl a-methylacetoacetate on a steam- 
bath and passing in a stream of dry ammonia for 2days. Water is formed and is separated from 
the reaction product which is then distilled. The fraction, b. p. 80—100°/2—3 mm., which 
crystallizes on cooling, is ethyl 8-amino-a-methylcrotonate (77-3%). From 4-008 kg. there 
were obtained 4-459 kg. (68-2%) of the mono-sodium salt of ethyl 4 : 6-dihydroxy-2 : 3-dimethyl- 
pyridine-5-carboxylate following Wibaut and Kooyman’s procedure. 

The hydrolysis and decarboxylation of the last-named compound were effected by boiling 
200 g. batches with concentrated hydrobromic acid (460 ml.) for 15 hr. The reaction mixture 
was cooled and neutralized with aqueous sodium hydroxide; the 4 : 6-dihydroxy-2 : 3-dimethyl- 
pyridine which separated was filtered off, washed with cold water, and dried (92%). 

Replacement of the two hydroxyl groups by chlorine (using POC],) is easier in 4 : 6-dihydroxy- 
2: 3-dimethylpyridine than in the isomeric 2: 6-dihydroxy-3 : 4-dimethylpyridine but the 
temperature must be more carefully controlled or charred by-products will result. Well-dried 
dihydroxy-compound (90 g.) and phosphorus oxychloride (120 ml.) in a flask fitted with a reflux 
condenser and guard tube were heated for 5 hr. in a metal-bath at 170—175°. The product 
was added to about 500 g. of crushed ice and after the exothermic reaction had subsided the 
mixture was warmed on the steam-bath and a small charred insoluble residue was removed by 
filtration. The dichloro-derivative was extracted from the filtrate with ether and the ethereal 
extract after being shaken with sodium carbonate solution was fractionally distilled. The 


*4 Michael, Ber., 1905, 38, 2083. 
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ad TABLE 1. Freezing constants for the six lutidines. 
“al Depression Depression (Ky) 
produced by for 1 mole of F. p. for 100% 
ed Purity 1 mole % of impurity F. p. of sample purity 
ed Lutidine (moles %) impurity in 1000 g. (ty) (ty, o) 
- 2:3 99-90 + 0-02 0-467° + 0-015° 4:95° + 016° —15-27° + 0-02° —15-22° + 0-02° 
ti 2:4 99-92 + 0-02 0-576 + 0-020 6-11 + 0-21 —64:00 + 0-01 —63-96 + 0-02 
Tr, 2:5 99-85 + 0-02 0-469 + 0-011 498 + 0-12 —15-61 +001 —15-54 + 0-02 
le 2:6 99-89 + 0-01 0-596 + 0-026 6-32 + 0-28 —616 +004 -610 + 0-04 
on 3:4 99-88 + 0-01 0-710 + 0-029 753 + 0-30 —11-12 +004 —1104 + 0-04 
n 3:5 99-91 + 0-01 0-470 + 0-003 4:99 + 0-03 —6-54 + 0-01 —6-50 + 0-02 
. TABLE 2. Vapour pressures. 
- P, mm. Hg at 0° c and standard gravity; #, °c; At = ¢ (obs.) — # (calc.). 
re 2 : 3-Lutidine 
P t At P t At 
~d 785-29 162-412 0-000 597-63 152-203 —0-001 
“a 778-48 162-077 —0-001 543-20 148-764 —0-002 
770-32 161-672 —0-001 499-93 145-829 — 0-003 
d 760-85 161-199 — 0-001 444-45 141-757 -+ 0-002 
id 750-29 160-668 +0-002 394-32 137-704 0-000 
of 739-67 160-125 0-000 346-46 133-429 +0-001 
1e 729-20 159-586 +0-001 298-22 128-606 0-000 
“ 720-70 159-141 0-000 248-37 122-909 + 0-004 
a 710-48 158-603 +0-001 199-57 116-337 0-000 
. 698-06 157-940 0-000 148-25 107-822 —0-001 
650-82 155-326 — 0-004 109-38 99-543 — 0-024 
h 2: 4-Lutidine 
d 788-89 159-825 +0-003 570-78 147-860 — 0-007 
ic 773-86 159-092 ~ -+0-003 564-25 147-450 — 0-006 
758-50 158-333 +0-004 540-28 145-909 — 0-006 
a 748-00 157-801 0-000 463-91 140-601 — 0-004 
/ 746-21 157-712 +0-001 385-60 134-371 — 0-002 
e 736-16 157-202 +0-002 339-32 130-192 +0-001 
d 726-30 156-693 +0-001 285-18 124-673 + 0-008 
t 726-23 156-690 0-000 235-84 118-836 +0-009 
t 715-08 156-107 — 0-002 196-25 113-387 +0-018 
711-07 155-900 +0-001 139-86 103-767 —0-001 
r 708-01 155-739 +0-001 83-93 90-305 —0-018 
r 698-46 155-232 +0-001 70-68 86-054 0-000 
653-85 152-789 — 0-002 46-78 76-246 —0-031 
t 612-21 150-386 — 0-004 
- 3 : 4-Lutidine 
1 783-49 180-349 0-000 599-13 169-891 —0-001 
1 773-99 179-860 —0-001 549-14 166-617 — 0-001 
a 765-09 179-401 +0-003 500-53 163-196 0-000 
. 762-64 179-274 +0-003 449-74 159-324 0-000 
‘ 756-18 178-933 0-000 400-62 155-228 — 0-001 
747-75 178-487 0-000 349-24 150-485 — 0-003 
y 737-34 177-931 —0-002 300-32 145-423 + 0-006 
. 727-20 177-384 0-000 247-51 139-127 +0-001 
; 720-78 177-035 — 0-001 199-36 132-352 +0-002 
; 707-89 176-327 + 0-002 148-61 123-572 +0-005 
697-77 175-761 —0-001 98-86 112-101 —0-012 
651-65 173-104 —0-001 
> 3 : 5-Lutidine 
776-02 172-729 +-0-001 546-21 159-412 — 0-002 
. 767-76 172-307 — 0-002 483-05 154-971 —0-001 
3 761-03 171-961 — 0-002 449-97 152-456 —0-001 
747-62 171-265 — 0-004 395-94 148-007 — 0-002 
739-87 170-862 — 0-001 344-88 143-329 —0-001 
729-32 170-306 +0-001 295-09 138-193 +0-001 
719-67 169-790 +0-001 248-60 132-720 +0-006 
711-39 169-344 -+0-002 199-77 125-975 +0-001 
698-15 168-620 + 0-002 152-75 118-063 + 0-004 
650-87 165-941 0-000 112-80 109-544 —0-014 
599-51 162-850 — 0-002 73-97 98-423 —0-017 
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total yield (80%) from 2-426 kg. of dihydroxy-compound was 2-452 kg. of 4: 6-dichloro-2 : 3- 
dimethylpyridine, b. p. 883—86°/2—3 mm. or 90—109°/4—5 mm. This dichloro-compound is 
dimorphic and can be obtained in an unstable crystalline form, m. p. ca. 20°, which is rapidly 
transformed on seeding into the stable form, m. p. 44-5°, described by Wibaut and Kooyman. 

In the catalytic reduction of 4 : 6-dichloro-2 : 3-dimethylpyridine to 2 : 3-lutidine the method 
used for preparing 3 : 4-lutidine was followed. A total of 1-167 kg. of 2 : 3-lutidine was obtained 
(78-2%) and the yield of base over the five stages from acetoacetic ester was thus 30-3%. Its 
infrared spectrum showed that although it contained about 5% of «-picoline, no significant 
amount of any other pyridine homologue was present. This occurrence of «-picoline (and of 
y-picoline in the impure synthetic 3: 4-lutidine) was due to the ethyl a-methylacetoacetate’s 
not being free from ethyl acetoacetate. 

The final stages of purification were similar to those described for 3 : 4-lutidine, i.e., removal 
of traces of non-basic material by blowing steam through a solution in sulphuric acid, removal 
of «-picoline in a fore-cut, b. p. up to 158°, with a 50-plate column, slow fractional freezing, and 
lastly a slow distillation with rejection of water-containing fore-cuts. The best material (628 g.) 
contained 0-088% v/v of water and the purity by m. p. measurements after further drying 
(CaH,) was 99-90 moles %. 

Purification of 3: 5-Lutidine —The commercial specimen was purified by passing steam 
through a boiling solution of the base in 1-2 equiv. of 22-6% sulphuric acid until samples of 
the base recovered from the aqueous condensate showed no traces of aldehyde in the infrared 
spectra. The main bulk of the purified base was then recovered from the aqueous sulphate 
solution and fractionally frozen until the liquid pourings showed identity in infrared spectra 
with the crystallized portion. The water content was then reduced to 0-07% v/v by slow 
distillation and removal of a water-containing fore-cut. The best specimen (850 g.) had a 
purity of 99-91 moles % after drying (CaH,). 

Physicochemical Measurements.—Freezing points, cryoscopic constants, and the quantitative 
determination of purity. The determination of purity and the measurement of the freezing 
point of these compounds is difficult because temperature equilibrium between liquid and solid 
is attained slowly. The techniques which were employed have been described elsewhere.'* 1* 
The purities of all the samples except 2: 6-lutidine! were determined by a melting-point 
procedure (ref. 15, p. 19; ref. 16, p. 117). The initial freezing points and the freezing-point 
depressions produced by adding known quantities of impurity, 2: 2: 4-trimethylpentane, were 
determined by means of an apparatus employing a U-tube.%* The statistical treatment of the 
data obtained from replicate experiments has been described.1 The results of the measurements 
on the six lutidines are summarized in Table 1. Data 1on 2: 6-lutidine are included to complete 
the series. Some evidence was obtained that 3 : 4-lutidine occurs in two crystalline forms. 

Vapour pressure-temperature relationships, normal boiling points, values of (dt/dP)269 mm, and 
latent heats of vaperization. The apparatus and techniques of measurement previously des- 
cribed 417 were used for 2:4-, 2:5-, 2:6-, and 3:4-lutidine. Measurements on 2: 3- and 
3: 5-lutidine were made by adjusting the pressure in the apparatus to the required value and 
isolating the apparatus from the pumps. The barostat was not used. The b. p. of sample 
and water were then measured simultaneously. The time required to obtain the experimental 
data was reduced and it was considered that the results so obtained were more precise than 
the values obtained with a barostat. 

Detailed results for 2: 5- and 2: 6-lutidines have already been published."! Table 2 gives 
the data for the other four. 

Table 3 presents constants for all six lutidines; those for 2: 5- and 2: 6-lutidine ™ are 
included to complete the series. This table gives the constants in the Antoine equation, the 
normal boiling point, d#/dP, and the latent heat of vaporization at 760 mm. uncorrected for 
deviations of the vapours from the ideal-gas laws and for the molar volume of the liquid; the 
thermochemical calorie used is equal to 4-1840 3 (abs.). It is planned to measure the virial 
coefficients by studying the compressibilities of the vapours, and to present corrected values 
of latent heats later. 

Densities. Measurements of densities at 20° and 30° were made by means of a Sprengel- 
Ostwald pycnometer and precautions to exclude water were taken. Table 4 lists the results 

15 Herington, Analyt. Chim. Acta, 1957, 17, 15. 


16 Handley, Analyt. Chim. Acta, 1957, 17, 115. 
17 Biddiscombe and Martin, Trans. Faraday Soc., 1958, 54, 1316. 
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TABLE 3. Constants of Antoine equation, logy P = A — B/(C + #); normal boiling 
points; (dt/dP)269 mm? 4d molar latent heats of vaporization. 


Heat of 
vaporization 
B. p. (di/dP) at at 760 mm. 
(760 mm.) 760mm. = (uncorr.) 
Lutidine A B Cc (°c) (°c/mm.)  (cal./mole) 
2:3 7-05075 +. 0-0042 1528-935 +. 2-9 205-499 + 0-34 161-157 + 0-002 0-05025 9816 + 1 
2:4 7-11647 + 0-0082 1564-800 + 5-7 211-032 + 0-62 158-403 + 0-002 0-04984 9771 + 3 
2:5 7-05816 + 0-0069 1524-016 + 4-7 207-820 + 0-52 157-008 + 0-003 0-04991 9695 + 2 
2:6 7-05246 + 0-0097 1467-362 + 6-4 207-701 + 0-72 144-045 + 0-003 0-04818 9446 + 3 
3:4 7-06898 + 0-0071 1607-874 + 5-1 204-776 + 0-58 179-132 + 0-001 0-05238 10211 + 2 
3:5 7-08598 0-0044 1593-028 + 3-2 206-916 + 0-36 171-910 + 0-003 0-05148 10061 + 1 


TABLE 4. Observed densities at 20° and 30° of the six lutidines, and calculated 
densities and coefficients of cubical expansion at 25°. 


do, = 0-5(dag dso); %25 = 0°2(doq — dyq)/(daq + 40) ] 


Lutidine dog (g./ml.) dy (g-/ml.) d,s (g./ml.) Ces 
2:3 0-94641 + 0-00001 0-93783 + 0-00000 0-94212 0000911 = 0-000001 
2:4 0-93102 + 0-00000 0-92226 + 0-00000 0-92664 0-000945 -+- 0-000000 
3:3 0-92910 + 0-00000 0-92024 + 0-00000 0-92467 0-000958 + 0-000000 
2:6 0-92257 + 0-00002 0-91355 + 0-00002 0-91806 0-000983 + 0-000003 
3:4 0-95773 + 0-00001 0-94928 + 0-00000 0-95351 0-000886 + 0-000001 
3:5 0-94234 + 0-00001 0-93377 + 0-00000 0-93806 0-000914 + 0-000001 


TABLE 5. Frequencies (cm.) and estimates of the intensities of the main absorption 

peaks for liquid samples of the six lutidines. 

2: 3-Lutidine: 4950w, 4606w, 4350sh.w, 4306w, 4233sh.w, 4108w, 4042w, 3953sh.w, 39l6w, 3845w, 
3775w, 3719w, 3633w, 359lw, 3453w,. 3043v.s, 2978v.s, 2937v.s, 2909v.s, 2869sh.v.s, 2738w, 265lsh.w, 
2607w, 2554w, 2518w, 2489w, 2426w, 2407w, 2376w, 2353w, 2310w, 2248w, 2220w, 2193w, 2159w, 
211l6sh.w, 210lw, 2050w, 2033w, 2000w, 1957w, 1939w, 190lw, 1870w, 1826w, 1800w, 1747w, 1708w, 
1658w, 1584sh.s, 1575v.s, 1537sh.w, 1465v.s, 1449v.s, 1432v.s, 1384s, 1369s, 1315w, 1276m, 1238m, 
1222sh.w, 1180s, 1165sh.w, 1123s, 1070m, 1019s, 992s, 971s, 947sh.w, 853w, 787v.s, 728v.s. 

2:4-Lutidine: 4950w, 4640sh.w, 4572w, 4396w, 4306w, 4149w, 4029w, 3953w, 3764w, 3582w, 3472w, 
3397w, 3248w, 3043sh.v.s, 3007v.s, 2944v.s, 2916v.s, 2869s, 2768w, 2726w, 2685w, 265lw, 2635w, 2549w, 
2524w, 2464w, 2402w, 2358w, 2310w, 2289w, 2252sh.w, 2228w, 2212w, 2186w, 2163w, 2144w, 2126w, 
2112w, 2083w, 2027w, 2007w, 199lw, 1924w, 1856w, 1760w, 1721lw, 1692w, 1664w, 1629sh.m, 1604v.s, 
1562v.s, 1550v.s, 1513s, 1479v.s, 1449v.s, 1397v.s, 1376s, 1294s, 1232w, 1193sh.w, 1166m, 1112w, 1037s, 
995s, 976m, 95lsh.w, 912s, 879m, 815v.s, 753m, 727w. 

2: 5-Lutidine: 4970w, 4640w, 4589w, 4396w, 4321lw, 4177w, 4069w, 3941w, 3845w, 3764w, 3665w, 
3592w, 351lsh.w, 3472sh.w, 3434w, 3406w, 3370w, 3273w, 3198sh.w, 3166sh.w, 3089m, 3021sh.s, 2992v.s, 
2950v.s, 2916v.s, 2862s, 2738w, 2685w, 2623w, 2597w, 2544w, 2524w, 2474w, 2445w, 2417w, 2380w, 
2336w, 2302w, 2268w, 2220w, 2155w, 2112w, 2090w, 2063w, 2030w, 2001w, 1970w, 195lw, 1930w, 1880w, 
1832w, 1773w, 1738w, 1678w, 160lv.s, 1567v.s, 1490v.s, 1450v.s, 1376v.s, 1294s, 1245s, 1235w, 121l5w, 
1204w, 1138s, 1130s, 1043sh.s, 103lv.s, 1007sh.w, 964m, 920w, 839m, 8l5v.s, 727v.s, 647v.s. 

2: 6-Lutidine: 4970w, 4623w, 4365sh.w, 4306w, 4219sh.w, 4144w, 4055w, 3953w, 3775w, 3719w, 
3602w, 3462w, 3406w, 3256w, 3150w, 3060v.s, 3018v.s, 2985v.s, 2957v.s, 2920v.s, 2853v.s, 2726w, 2674w, 
2629w, 2575sh.w, 2539w, 2503w, 2450w, 2426w, 2407w, 2380w, 2358w, 2315w, 2298w, 2285w, 2193w, 
2170w, 2094w, 2067w, 2000w, 1970w, 1945w, 1933w, 1910w, 1875w, 18l6w, 1770w, 1708w, 1664w, 
1643w, 159lv.s, 1578v.s, 1533s, 1511s, 1470v.s, 145lv.s, 14llsh.s, 1369s, 1326sh.w, 1278m, 1263m, 
1245m, 1222s, 1153s, 1093s, 1028s, 996m, 969m, 905w, 888w, 772v.s, 728m, 716m. 

3:4-Lutidine: 4970w, 4572w, 4396w, 4306w, 4205w, 4082w, 3953w, 3904w, 3868w, 3764w, 3612w, 
3541w, 3462w, 3370w, 3273sh.w, 3089m, 3055s, 3021v.s, 3010v.s, 2971lv.s, 2947v.s, 2923v.s, 2876s, 2762w, 
2732w, 2685w, 2657w, 2612w, 2570sh.w, 2549w, 2474w, 2426w, 2407w, 2389w, 2376w, 2336w, 2306w, 
2264w, 2244w, 221l6w, 2159w, 2140w, 2097w, 2080w, 2060w, 2017w, 1988w, 1939sh.w, 1927w, 1883w, 
1834w, 1776w, 1741w, 1702w, 1635m, 1594v.s, 1560s, 1492v.s, 1447v.s, 1405v.s, 1384v.s, 1349sh.w, 1305m, 
1244sh.m, 1237m, 1194v.s, 1176m, 1148w, 1066s, 1048m, 1020s, 1001m, 985m, 918w, 839v.s, 82lv.s, 
751m, 726v.s, 600v.s. 

3: 5-Lutidine: 4970w, 4589w, 4365w, 4306w, 4247sh.w, 4191w, 4042w, 394lw, 3719w, 356lw, 3443w, 
3370w, 3239sh.w, 3174w, 3029v.s, 2985 v.s, 2971sh.v.s, 2930v.s, 2869s, 2738w, 265lw, 2629w, 2612w, 
2591 w, 2554w, 2494sh.w, 2479w, 2445w, 2402w, 2367w, 2310w, 2268w, 2252w, 2216w, 2174w, 2137w, 210lw, 
2033sh.w, 1976w, 1887sh.w, 1862w, 1776w, 1747w, 1627sh.w, 1602s, 158lv.s, 1463v.s, 1426v.s, 1379s, 
1358sh.m, 1320m, 1273w, 1232s, 1164v.s, 1138s, 1043sh.s, 1032s, 1011m, 944w, 929w, 857v.s, 727sh.m, 
71liv.s, 710v.s. 

v.S = very strong, s = strong, m = medium, w = weak, sh. = shoulder. 

The approximate strengths of the bands are given with respect to liquid samples in a 0-06 mm. cell. 

Frequency measurements are accurate to +7 cm.~! at 3000 cm.!, +2 cm. at 1500 cm.", and 
+1 cm. at 750 cm.". 
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of the measurements with their standard deviations. All the samples were dried (CaH,), and 
the concentration of water in the base at the end of the experiment was determined by infrared 
spectroscopy.4*® The concentration of water so found never exceeded 0-04% v/v and hence 
the error in density due to the presence of water should be less than 0-00002 g./ml. 

Refractive indices. A high-accuracy Abbé refractometer (Bellingham and Stanley Ltd., 
London) and a sodium light source were placed in a flexible poly(vinyl chloride) glove cabinet 
with the two eye-pieces of the instrument projecting through holes. The cabinet was flushed 
with dry air. All measurements were made at 25-0 + 0-1°, maintained by circulating water 
from a constant-temperature bath through the water-jacket of the refractometer. A quartz 
test-piece was used to check frequently the adjustment of the instrument during the series of 
measurements. At least ten readings were taken for each filling of the refractometer and at 
least five fillings were made of each lutidine, which had been dried (CaH,). A further check was 
provided by measuring the refractive index of a sample of benzene 99-99 moles % pure. The 
value found, 1-4979, for m,,*, is in good accord with that given by Forziati,’® viz., 1:49792. The 
following values for m,** were found: 2: 3-lutidine 1-5062,; 2:4-lutidine, 1-4983,; 2: 5- 
lutidine, 1-4979,; 2: 6-lutidine, 1-4952,; 3: 4-lutidine, 1-5104,; 3: 5-lutidine, 1-5037,. 

Infrared absorption spectra. The spectra of the liquids were obtained with a double-beam 
prism-grating spectrometer, constructed in this laboratory.”° 


We thank Messrs. D. P. Biddiscombe, A. J. Cook, J. B. Ditcham, R. Handley, D. Harrop, 
W. Kynaston, D. E. Pinnock, and A. Sleven for experimental assistance. The calculations on 
the vapour pressure measurements for 2 : 3- and 3: 5-lutidine were carried out in Mathematics 
Division, N.P.L., under the supervision of Mr. J. G. Hayes. 
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18 Coulson, Hales, and Herington, J., 1951, 2125. 
1 Forziati, ]. Res. Nat. Bur. Stand., 1950, 44, 373. 
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388. Jlonization of Carbon—Oxygen Bonds. Part I. Ionization of 
Triarylmethyl Alcohols and their Alkyl Ethers in Formic Acid. 


By W. R. B. ARTHUR, ALWyn G. EvANs, and E. WHITTLE. 


The ionization of various substituted triphenylmethyl] alcohols in formic 
acid has been studied spectroscopically. The results are discussed in terms of 
the equilibrium (1) suggested by Hammett. 


HAMMETT ! suggested that triphenylmethy] alcohol ionizes in formic acidasin(l). Stewart? 
has recently examined this mechanism in some detail, and studied the kinetics of the 
conversion of the alcohol into triphenylmethane. His paper contains a historical discussion 
of the reaction. 


ROH + H°CO,H SP R+4+HJO+HCO.- . . as 


We have made a similar study of the ionization of a number of substituted tri- 
phenylmethyl] alcohols and some of their alkyl ethers. The kinetics of the conversion of 
the alcohols into the triphenylmethanes will be discussed later. Under our conditions, 
the solutions were quite stable during the period of the investigation. 


EXPERIMENTAL 
Formic Acid.—(a) “‘ AnalaR’”’ 98—100% formic acid (from B.D.H.), m. p. 6-9°, was puri- 
fied by the anhydrous copper sulphate method, followed by three fractional crystallizations. 
(6) “ AnalaR ”’ acid (from B.D.H.) was purified solely by five fractional crystallizations. (c) 
? Hammett, “‘ Physical Organic Chemistry,”” McGraw-Hill, New York, 1940, page 55. 


* Stewart, Canad. ]. Chem., 1957, 35, 766. 
* Garner and Parker, Amer. Chem. J., 1911, 46, 236. 
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“ AnalaR ”’ 98—100% formic acid (from Hopkin and Williams), m. p. 5-1°, was treated as in 
(a) andin(b). All four samples had m. p. 8-2° and gave identical results in the ionization studies. 
(d) Repeated fractional crystallizations of a large volume of commercial acid yielded a product 
with m. p. 8-35°, but owing to the time involved in this preparation, most of the work described 
was done with formic acid of m. p. 8-2°. 

Acetic Acid.—** AnalaR ”’ acetic acid (2 1.) was refluxed with chromium trioxide for 12 hr., 
then carefully fractionated, refluxed with triacetyl borate for 12 hr., and again fractionated; 
the fraction of b. p. 117° was collected. The m. p. of this acid was 16-58° (lit.,4 m. p. 16-59°). 


Fic. 1b. 
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Fic. la. 
A, @ 1:25 x 10-°M-Triphenylmethyl alcohol in formic acid. 
B, A 1-11 x 10°M-Triphenylmethyl alcohol in 98% “‘ AnalaR ’’ H,SO,. 
C, Y 2-54 x 10-°m-p-Fluorotriphenylmethyl] alcohol in formic acid. 
D, 0 1-70 x 10-*m-p-Fluorotriphenylmethyl alcohol in 98% H,SO,. 
E, © 2-43 x 10%m-p-Bromotriphenylmethyl alcohol in formic acid. 
F, x 1:53 x 10-°m-p-Bromotriphenylmethyl alcohol in 98°, H,SO,. 
Fic. 10. 
1, 9-7 x 10Mm-Tri-p-chlorotriphenylmethy] alcohol in formic acid. 
3, AD < 10-*m-Tri-p-chlorotriphenylmethyl alcohol in 98°, H,SO,. 


17 
12 x 10-‘m-Di-p-chlorotriphenylmethy] alcohol in formic acid. 
38 x 10-*m-Di-p-chlorotriphenylmethyl alcohol in 98% H,SO,. 


% <IgO 


8 
? 2-35 x 10-°m-p-Chlorotriphenylmethyl alcohol in formic acid. 
2 1-60 x 10-°m-p-Chlorotriphenylmethyl alcohol in 98% H,SQ,. 


AG° for the ionization of tri-p-tolylmethy] chloride in this acid was the same as that obtained 
previously.§ 

Alcohols.—p-Methoxytriphenylmethyl alcohol was prepared by the standard method and 
recrystallized from light petroleum (b. p. 40—60°) and had m. p. 84° (lit.,6 m. p. 84°). p-Hydr- 
oxytriphenylmethyl alcohol, prepared from benzophenone dichloride and phenol, was pre- 
cipitated from ethanol as white platelets, m. p. 158° (lit.,? m. p. 159—160°), by addition of weak 
ammonia solution. o-Methyltriphenylmethyl alcohol was prepared by the standard method, 
m. p. 98° (lit.,8 m. p. 98-5°). Di-p-chlorotriphenylmethyl alcohol, prepared by reaction of 
di-p-chlorobenzophenone and phenylmagnesium bromide in ether—benzene, was recrystallized 
from light petroleum (b. p. 40—60°) and had m. p. 86° (lit.,2 m. p. 87°). The other triaryl- 
methyl alcohols were prepared by normal methods and purified as described by Evans, Jones, 
and Osborne.!® The m. p.s agree with their values. 

Ethers of Triphenyimethyl Alcohol.—(a) A solution of triphenylmethyl alcohol in the appro- 
priate alcohol was saturated with dry hydrogen chloride and refluxed for 3 hr., then set aside 


4 Eichelberger and Latter, J. Amer. Chem. Soc., 1933, 55, 3633. 

5 Evans, Price, and Thomas, Trans. Faraday Soc., 1955, §1, 4, 388. 

6 Kauffmann and Pannwitz, Ber., 1912, 45, 766. 

7 Cone and Robinson, Ber., 1907, 40, 2161. 

8 Boyde and Hatt, J., 1927, 898. 

® Stagner, J. Amer. Chem. Soc., 1916, 38, 2074. 

10 Evans, Jones, and Osborne, Tvans. Faraday Soc., 1954, 50, 16, 470. 
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overnight, whereupon the ether crystallized. (6) Triphenylmethyl chloride was treated 
with the theoretical amount of the appropriate alcoholate in excess of the alcohol as solvent. 
Sodium chloride was filtered off, and the ether recrystallized from the alcohol. The ethers had 
m. p.: methyl, 84° (lit.,1! 84°); ethyl, 82—84° (lit.,1* 84—85°); isopropyl 114° (lit.,!* 114°); 
benzyl, 104° (lit.,17 103—104°). 

Spectra.—Fig. 1 shows the spectra of solutions of triarylmethy] alcohols in formic acid and 
“ AnalaR ”’ 98% sulphuric acid, measured on a Unicam S.P. 500 spectrophotometer. In all 
cases but one there is no significant difference between the shape of the spectra in the two 
solvents, showing the presence of triarylmethyl carbonium ions in the formic acid solution. 
For the exception, tri-p-chlorophenylmethy] alcohol, the absorption peak occurs at 465 my in 
sulphuric acid and at 460 my in formic acid. 

Carbonium-ion Concentration.—The concentrations of the carbonium ions in the formic 
acid solutions have been calculated by assuming their extinction coefficients to be the same as 
in the 98°, sulphuric acid solutions, since there is a very close similarity between the spectra of 
the ions in these two solvent. Justification of this assumption is provided as follows. (a) The 
percentage ionizations of these alcohols and ethers in formic acid of m. p. 8-2° are given in 
Table 1. No alcohol shows an ionization of greater than 105%, which supports the assumption. 
It is further supported by the fact that the change from mono-p-methyltriphenylmethy] alcohol 
to tri-p-methyltriphenylmethyl alcohol causes no increase in the ionization; this shows that 
these alcohols must be completely ionized since in all cases where ionization is incomplete, e.g., 
the triarylmethy] halides in nitromethane,’ the change in substituents from mono-p-methyl to 
tri-p-methy] results in a very marked increase in the ionization. (b) We have examined the 
ionization of some of these alcohols in formic acid—acetic acid mixtures. Typical plots of the 
optical density at the peak wavelength against the mole fraction are shown in Fig. 2. For those 
alcohols which we find to be 100° ionized in formic acid, the optical density increases as the 


TABLE 1. Jonization equilibria in formic acid (m. p. 8°2°) 
(a) for C(C5H,R’)(C,H,R”’)(C.H,R’”’)-OH. 


Ionization —RT ina Ionization 
R’ R R’”’ at 20° (%) (kcal. mole) R’ R” _ at 20° (%) 
p-Cl p-Cl p-Cl 9-4 1-3 H H p-Me 104 
H p-Cl p-Cl 23 0-7 p-Me p-Me p-Me 103 
H H p-Cl 71 —0-5 H H o-Me 100 
H H p-} 67 —O-4 o-Me o-Me o-Me 100 
H H p-Br 63 —0-3 H H p-OMe 100 
H H H 89 —1-1 H H p-OH 105 
(b) for Ph,C-OAlk. 
MN iistantclnnsdiesnadeebanitietansiiiion eee H Me Et Pri PhCH, 
Ionization at 20° (9%)  ........essee0. 89 91 88 86 84 


mole fraction of formic acid increases, up to a certain limit; this shows conclusively that after 
this point the alcohol is completely ionized. That the carbonium-ion concentration calculated 
for these completely ionized solutions is 100—105% (see Table 1) completely justifies our method 
of calculating these concentrations. 

With triphenylmethy]l alcohol, there is no flattening-off of the optical density—mole fraction 
plot, which is to be expected since it is less than 100% ionized in formic acid (see Table 1). 

In Fig. 3 we give the plots of optical density at the peak wavelength—mole fraction for tri- 
p-methyltriphenylmethyl alcohol of different total alcohol concentration. By plotting the 
optical density corresponding to the horizontal portions (plateaux), which show 100% ionization, 
against carbonium-ion concentration, we have verified Beer’s law for these solutions. Similar 
straight lines are obtained for the other completely ionized alcohols. 

The carbonium-ion concentrations in solutions of the ethers in formic acid have been 
estimated as for the alcohols. The ethers are fully ionized in 98% sulphuric acid, and all give 
the same spectrum whether measured in sulphuric acid or formic acid. 


1 Hatt, J., 1938, 483. 
12 Smith and Smith, J. Amer. Chem. Soc., 1948, 70, 2400. 
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Fic. 2. 
A 2-74 x 10°°m-p-Methoxytriphenylmethy] alcohol. 
B 4-39 x 10-°m-Tri-o-methyltriphenylmethylalcohol. Fic. 3. Ionization of tri-p-methyltriphenyl- 




















C 2-34 x 10-°m-p-Methyltriphenylmethy] alcohol. methyl alcohol in formic—acetic acid. 
D 2-09 x 10-'m-o-Methyltriphenylmethyl alcohol. 4 2-02 x 10-5m 
E 1-52 x 10-5m-Triphenylmethy] alcohol. B 1-41 x 10M. 
2-0 C 1-01 x 107. 
D 7-05 x 10 
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yd Fic. 4. Plot of —RT Ina for the ionization 
6-OF 5 of the triarylmethyl alcoholsin formic acid 
P against AG,° for the ionization of the 
corresponding chlorides in nitromethane. 
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DISCUSSION 


Nature of the Equilibrium.—If reaction (1) correctly represents the ionisation of the 
triarylmethyl alcohols in formic acid, then the equilibrium constant, K,, may be written 


K, = x{H,O][H-CO,~]/[H-CO,H] where « = [R*]/[ROH] 


The carbonium-ion concentration [R*] plotted against the concentration of un-ionized 
alcohol [ROH] gave good straight lines in all cases. Similar results are obtained for the 
ethers. « is therefore independent of alcohol concentration for any given alcohol. This 
behaviour is not predicted by reaction (1). However, our data are compatible with 
Hammett’s equation if the remaining terms in the expression for K, do not change with 
alcohol concentration. Since the ionization occurs in formic acid, it is only necessary to 
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consider changes in the concentrations of water and formate ion. The water concen- 
tration in formic acid of m. p. 8-2° is approximately 9 x 10 mole 1.1, while the formate- 
ion concentration, as Stewart has pointed out, is at least 10° mole 1... Both these con- 
centrations are much larger than that of the original alcohol (~10° mole 1.~4), so that the 
amounts of water and formate ion produced by reaction (1) are negligible, and hence 
reaction (1) is compatible with the observed constancy of «. 

[he validity of reaction (1) can be checked by investigating the variation of « with 
variation of formate-ion concentration and water concentration. According to our expres- 
sion for K,, 1/« should be proportional to the formate-ion concentration. Stewart has 
shown that this is so over a considerable range of concentration of formate ion, added in 
the form of sodium formate. 

We have examined the variation of « when water is added to solutions of the alcohols 
in formic acid of m. p. 8-2°. Those which were completely ionized in this acid showed no 
change in ionization even when the added water had reduced the m. p. of the formic acid 
to 30°. The effect of added water on the incompletely ionized alcohols is shown in 
Table 2; 1/« is approximately proportional to [H,O}"’, whereas reaction (1) would require 
a first-power dependence on water concentration. 


TABLE 2. Jonization in wet formic acid (all para-substituents). 


R’ R” R” M.p.* [H,O](m)¢ Iontn.$ +§ R’ RY” R’”’ M.p.* [H,O}(m)j Iontn.t *§ 
H H H 2-95° 2-41 9-4 cl Cl H 3-50 2-19 0-7 
5-10 1-46 30-5 1-74 5-60 1-24 2-2 1-80 
6-90 0-66 60 7-31 0-49 11-4 
8-20 0-088 89 8-20 0-088 23 
Br H H 5-10 1-46 7-5 Ga @ Cl 5-38 1-34 0-38 
6-90 0-66 26 1-74 6-45 0-86 0-78 1-85 
8-20 0-088 63 7-30 0-45 2-75 
a 8 H 2-95 2-41 2-8 8-20 0-088 9-4 
5-60 1-24 9-3 1-76 


7-30 0-49 35 
8-20 0-088 7 
* M. p. of formic acid. + The acid of m. p. 8-35° being assumed anhydrous. 
20° (%). § Order in water. 


+ Ionization at 


+ 


There are, however, two other equilibria to be considered, both of which provide 
formate ions: 
H-COH + HO GOP H,O'+ HCO” 2 eee. 


H-CO4H + H°CO,H SP H:CO,H,* + H-CO,- »r2n dn @ 


Both lie well to the left so that in Stewart’s experiments very little of the added formate 
ion could be removed by either reaction’s going still further to the left. Hence only 
reaction (1) is important and 1/« is proportional to [H-CO,7] as observed. 

On the other hand, the addition of water to the system not only suppresses the ioniz- 
ation of the alcohol according to reaction (1), but also has the secondary effect of increasing 
the [H-CO,~] according to reaction (2), which also reduces the alcohol ionization. Thus 
the order in water should be greater than unity. If reaction (3) may be neglected as a 
source of formate ion, then, assuming [H,O*] = [H-CO,7], we can show that 


K,/VK, = a«{H,0}**/[H*CO,H]** 


The exponent 1-5 agrees moderately well with the observed value of 1-8. The data avail- 
able do not seem reliable enough to calculate accurately the relative contributions of 
formate ion from reactions (2) and (3). For the incompletely anhydrous formic acid 
(m. p. 8-2°) used, it seems likely that reaction (2) provides about three times as much 
formate ion as reaction (3). This is almost certainly a lower limit. Consequently reaction 
(3) will have little effect. 
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It might be suggested that the order 1-8 found for water is due to a change in the 
activity coefficient of the water with change in its concentration. We have carried out 
experiments on the depression of the freezing point of formic acid by water over most of 
the range involved. The “’’-factors (in parentheses following molar concentrations of 
water) are 0-147 (0-97), 0-269 (0-94), 0-593 (0-97), 0-877 (0-90), 1-674 (0-92), and their slight 
decrease over this range could not account for the order of 1-8 for the effect of water on 
the ionisation. 

As regards the ethers, R-OAlk, the analogue of reaction (1) would be: 


R°OAIk -++ H*CO,H < P Rt + HO-Alk + io ne a 


Since the water concentration, 9 x 10 mole 1.4, in 8-2° m. p. formic acid, is much greater 
than the H-OAlk concentration can possibly be (maximum [H-OAlk] = 10 mole 1.~*), the 
carbonium ions produced in reaction (4) will rapidly equilibrate with the water present to 
give a state of affairs which will be little different from that of the corresponding alcohol, 
ROH, in formic acid. This is borne out by the fact that the percentage ionizations for the 
ethers of triphenylmethyl alcohol are practically the same as that for triphenylmethy] 
alcohol itself (see Table 1). 

Equilibrium Constants.—It has been shown that, under our experimental conditions, 
the terms other than « in the expression for K, may be presumed constant, particularly as 
the same formic acid was used in all cases. Hence the value of « may be used as a measure 
of K,, and RT In « as a measure of AG,°. 


TABLE 3. Effect of temperature on ionization of para-substituted triarylmethyl alcohols. 


“Temp. (°) AH,° 8(AH,°) 8(—RT Ina) 
R’ - = (x) (kcal. mole) 
Cl Cl Cl 18-5 43-0 60-0 75-2 4-0 (0) (0) 
(0-105) (0-166) (0-23) (0-31) 
H Cl Cl 18-2 44-5 56-4 69-4 3-2 0-8 0-6 
(0-32) (0-48) (0-69) (0-76) 
H H Cl 21-0 47-2 56-0 65-5 1-9 1-3 1-2 
(2-2) (2-9) (3-9) (3-5) 
H H Br 22-0 46-0 56-4 68-5 2-2 — 03 —0-2 
(1-8) (2-1) (2-6) (3-0) 


The main interest centres on those alcohols which are not completely ionized at room 
temperature. Their behaviour is similar to that of the corresponding chlorides in nitro- 
methane as is shown in Fig. 4, in which RT In « is plotted against the free-energy change 
for the ionization of the corresponding chlorides in nitromethane. The only exception is 
the p-fluoro-compeund where it is possible that ionization of the C-F bond may introduce 
complications. 

From the variation of RT In « with temperature for the incompletely ionized alcohols, 
relative values of AH,° can be determined. The results are in Table 3. All these alcohols 
react slowly with formic acid at the higher temperatures, but in all cases the values were 
obtained by extrapolation to zero time. It was shown that the shape and intensity of the 
light-absorption curve do not vary over the temperature range used. The change in AH,° 
is equal to the change in (—RT In a), #.e., to the change in AG,°. This means that the 
entropy change for the ionization is not affected by the change in the nature and the 
number of the fara-substituents. This would be expected since the solvation shell for the 
ion will be far removed from the fara-position. 


One of us (W. R. B. A.) thanks University College, Cardiff, for a British Nylon Spinners 
Postgraduate Scholarship. 


CHEMISTRY DEPARTMENT, UNIVERSITY COLLEGE, 
CARDIFF. [Received, December 1st, 1958.] 
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389. The Activation of Carbon—Carbon Double Bonds by Cationic 
Catalysts. Part VII.* Dimerization of 1:1-Diphenylethylene to 
1:1:3:3-Tetraphenylbut-1-ene in the System Benzene—Stannic Chlor- 
ide—Hydrogen Chloride. 


By Atwyn G. Evans and J. Lewis. 


Dimerization of 1: 1-diphenylethylene in benzene-stannic chloride— 
hydrogen chloride has been studied dilatometrically. The initial rate of 
dimerization is of first order with respect to both stannic chloride and 
hydrogen chloride, no reaction occurring in the absence of either. Non- 
reacting systems are colourless, but reacting systems have an absorption 
spectrum similar to that given by this olefin dimerizing in benzene-stannic 
chloride—water.? 


EARLIER Parts reported the dimerization of 1: 1-diphenylethylene and its derivatives 
with use of trichloroacetic acid, iodine, and stannic chloride—-water as catalysts. This 
work has now been extended by using stannic chloride—hydrogen chloride as catalyst. 


EXPERIMENTAL 

Materials.—Stannic chloride was prepared by the electrolysis of fused anhydrous stannous 
chloride under high-vacuum conditions (Part V4). Benzene and 1: 1-diphenylethylene were 
purified by the rigorous methods described in Part V.1_ Hydrogen chloride was prepared by 
the action of ‘“‘AnalaR ’’ concentrated sulphuric acid on “‘AnalaR’’ ammonium chloride, and 
collected at about 700 mm. Hg pressure in a Pyrex glass apparatus which had been baked out 
under a high vacuum. Sections of this apparatus could be isolated by closing taps lubricated 
with ‘‘ Apiezon ” grease, and the gas was purified by condensation and evaporation from vapour 
traps cooled alternately by liquid nitrogen and by solid carbon dioxide—acetone, the system 
being pumped out each time the hydrogen chloride was solidified. The pure gas was admitted 
through long capillary stems to a series of glass bulbs of various known capacities. When the 
gas had attained the laboratory temperature, the pressure, measured by a mercury manometer, 
was adjusted to about 700 mm. Hg, and the bulbs were sealed off at graduation marks on 
the capillary stems. 

Procedure.—The bulbs containing known amounts of hydrogen chloride were fused to the 
ends of the stems of dilatometers. The hydrogen chloride bulbs were provided with fragile, 
sealed capillaries which could be shattered by iron-in-glass breakers when it was required to 
transfer the gas to the dilatometer. The dilatometers were filled, through side tubes joined 
to the stems, with known amounts of 1: 1-diphenylethylene, stannic chloride, and benzene, 
by use of the high-vacuum technique, method A, described in Part V.!_ The filled dilatometers 
were separated, each with its hydrogen chloride bulb, by sealing off at the side tubes. The 
connecting capillaries were shattered by impact from the breakers, and the hydrogen chloride 
was withdrawn into the dilatometers by immersing the dilatometer bulbs in liquid nitrogen, 
and the filling tubes together with the empty hydrogen chloride bulbs were removed by sealing 
off near the tops of the dilatometer stems. Dilatometers were filled in this way with solutions 
having various known concentrations in 1 : 1-diphenylethylene, stannic chloride, and hydrogen 
chloride. In some instances, optical cells were filled jointly with the dilatometers. 

The dilatometers and optical cells were kept at 30-3°, 39-9°, and 55-0° in thermostats (+ 0-05°). 
The volume changes were followed in the dilatometers, and the rate of volume change was 
converted into mole 1.1 sec.4 of dimer produced as described in Parts I 2a nd II,® by using 
the following values for the volume change accompanying the complete conversion of 1 mole 
of monomer into 4 mole of dimer: 11-95 ml. at 30-3°, 11-70 ml. at 39-9°, and 12-60 ml. at 55-0° 
(see Part V+). The spectra were measured in the optical cells by a Unicam S.P. 500 spectro- 
photometer. 


* Part VI, Evans, Jones, and Thomas, J., 1958, 4563. 
1 Evans and Lewis, J., 1957, 2975. 

* Evans, Jones, and Thomas, /., 1955, 1824. 

+ Evans, Jones, Jones, and Thomas, J., 1956, 2757. 
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RESULTS 

In the absence of hydrogen chloride, systems containing rigorously purified benzene, olefin, 
and stannic chloride reacted at a negligible rate (Fig. 1, curve A). On introduction of hydrogen 
chloride to such a system a great increase in the reaction rate was observed (Fig. 1, curve A’). 
No volume change occurred when hydrogen chloride was admitted to similar systems in the 
absence of stannic chloride, or when the monomer was omitted. It is evident, therefore, that 
hydrogen chloride is a cocatalyst for this reaction of themonomer. Systemscontaining benzene, 
olefin, stannic chloride, and hydrogen chloride were found, within the limits of the concentrations 

















Fic. 1. Volume change during reaction at 39-9°. “a c 
Curve A [Initial monomer] 1-33 mole 1.~. a 12 
[Stannic chloride] 4:90 x 10° mole §& 
1.7 nS 
ee e 1/0 
Curve A’ AsA with hydrogen chloride (5-12 x 3 
10-* mole 1.-*) added. © 8 &_ 
Curve B [Initial monomer] 0-84 mole 1.*. » 
(Stannic chloride] 5-49 x 10°? mole vo 6 
L*. e 
[Hydrogen chloride] 4:00 x 107% & 4 
mole 1.-1. 2 
Curve C {Initial monomer] 1-40 mole 1.1. 2 2 
[Stannic chloride] and [hydrogen a.) = — ; * 
chloride} as B. ‘ 
; Oo 10 20 30 40 S50 60 70 
Time(hr.) 


used, to give reaction curves (Fig. l, curves A’, B, and C) similar to those obtained in the water- 
cocatalysed reaction (Part V), the voluine decreasing until a constant value was obtained. As 
in the previous work, the product of the reaction, separated as described in Part I,* was found 
to be solely 1: 1:3: 3-tetraphenylbut-l-ene (cf. Schoepfle and Ryan‘); agreement between 
the amount of dimer obtained from the equilibrium solutions and that expected from the 
observed volume change was again within the limits +5%. Initial rates of reaction were found 
from the initial slopes of the reaction curves, and the dependence of rate on concentration of 
hydrogen chloride, for a set of fixed concentrations of stannic chloride and constant initial olefin 
concentration, isshownin Table 1. Initial rates of dimerization in absence of hydrogen chloride 
are negligible, and the initial rates vary linearly with hydrogen chloride concentration over 


TABLE 1. Variation in initial rate at 39-9° with monomer, stannic chloride, and 
hydrogen chloride concentrations. 


Initial rate Initial rate 
[Stannic [Hydrogen of dimer [Stannic] [Hydrogen of dimer 
[Initial chloride] chloride] formation [Initial chloride} chloride] formation 
monomer] (10°? mole (10° mole (10-3 mole monomer] (10 mole (10 mole (10-* mole 
(mole 1.-*) 1.-3) 1.-) 1.-? hr.) (mole 1.~) 1.-*) 1.-) 1? hr.) 
1-33 11-2 Nil 1-9 1-33 2-35 Nil 0:3 
1-33 11-2 8-40 17-1 1-33 2-35 3°85 2-14 
1-33 11-2 12-5 27:4 1-33 2-35 7-99 2-99 
1-33 11-2 23-5 48-7 1-33 2-35 10-2 4-92 
1-33 5-49 Nil 0-5 0-85 14-9 57-2 68-4 
1-33 5-49 5-72 5-69 1-40 14-9 57-2 169-0 
1-33 549 10-4 9-40 1-96 14-9 57-2 363-0 
1-33 5°49 27-1 29-9 
1-33 5-49 40-5 41-9 1-33 2-35 10-0 4-52 
1-33 5-49 10-0 10-7 
1-33 11-2 10-0 21-1 


the considerable range for which these rates have been determined. There is no optimum 
{HCI}/{SnCl,} ratio as was found for the [H,O]/[SnCl,] ratio.1 Using the results of Table 1 
we have plotted log (initial rate) against log [initial monomer] for constant [stannic chloride] 


* Schoepfle and Ryan, J. Amer. Chem. Soc., 1930, 52, 4021. 
38 
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and constant [hydrogen chloride]; log (initial rate) against log [stannic chloride} for constant 
(initial monomer] and constant [hydrogen chloride}; and log (initial rate) against log [hydrogen 
chloride] for constant [initial monomer] and constant [stannic chloride}. We find the orders 
in monomer, stannic chloride, and hydrogen chloride to be, respectively: 2-0 + 0-3, 1-0 + 0-1, 
and 1-0 + 0-2. 

The concentrations of monomer and dimer at equilibrium, {M), and | D),, have been obtained 
for solutions of different monomer concentrations as described in Part I ? (see Table 2). If we 
plot log [D), against log [M),, we obtain a straight line of slope 2-2 + 0-2, showing that 

D)./_M),2 = A. The equilibrium constants, K, are independent of the concentrations of 

















biG. 2(a) Spectrum of system given in Fig. 1, Fic. 2(b) Spectrum of system given in Tig. 1, 
curve A. curve A’ 
-or-:.S~S : ] 5-0 
(a) (4) 
: Fr 
4 20 320 | 
c c 
s & ! 
v | v } 
& OF | S&S FoF | 
y | bad | 
Q 
° iN | S or | 
0 * ie) i 90.05 an00 i ——_ 
500 600 700 


400 500 600 700 400 
Waovelength(my) Wovelength (mu) 


stannic chloride and of hydrogen chloride (see Table 3). Mean values of K are given for the 
three temperatures in Table 4, and the plot of log K against 1/T has been used to find the 
exothermicity of the reaction: the value obtained (—AH°) from the slope of this line is 10-3 + 
0-5 kcal. mole (see Table 4). The values of AG° and AS° for this dimerization are also given 
in Table 4. 

As in our study of the water-cocatalysed reaction (Part V +), we have examined the spectra 
of the solutions in the absence and in the presence of the cocatalyst, and again we find that 


TABLE 2. [M], and [D), at 39-9°. 


[M]e (M) [D]e (mM) Slope of log [D}.—log [M]}, plot 

0-170 0-339 

0-220 0-589 2-2 + 0-2 

0-260 0-856 

TABLE 3. 
{Initial monomer] \Stannic chloride] [Hydrogen chloride} kK 

Temp. (mole 1.-) (10-* mole 1.-*) (10-* mole 1.-*) (mole~! 1.) 
39-9 1-33 11-2 8-4 11-9 
39-9 1-33 11-2 23-5 12-4 
39-9 1-33 5-49 10-4 12-3. (Mean 12-2) 


TABLE 4. Dimerisation of 1: 1-diphenylethylene to 1: 1:3: 3-tetraphenylbut-1-ene 
in stannic chloride-hydrogen chloride—benzene. 


hy * Ey K 
(mole- 1.3 sec.) (kcal. mole) (mole 1.) 
2-3 x 10 (30-3°) 4-7 + 0-5 20-1 -+ 0-5 (30-3°) 
3-1 x 10 (39-9°) 12-2 + 0-5 (39-9°) 
4-3 x 10 (55-0°) 5-5 + 0-2 (55-0°) 


* k; is expressed in terms of the number of moles per 1. of dimer appearing per second. 


AH¢ = 
AG;t (E; — RT) AS AG° AH° AS° 
(kcal. mole) (kcal. mole!) (cal. deg.-* mole~') (kcal. mole~') (kcal. mole) (cal. deg.-? mole) 
20-1 (30-3°) 4-1 52-8 (30-3°) — 1-8 (30-3°) —10-3 — 28-0 (30-3°) 
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addition of the cocatalyst to the colourless solutions of monomer and stannic chloride in benzene 
not only brings about reaction but is marked by a change in the spectrum to give absorption 
in the violet end of the visible region and a peak in the 600 my region (see Fig. 2b), 

Activation Energy for the Stannic Chloride-Water System.—The results given in Part V for 
the stannic chloride—-water system have now been extended to include the rate constants for 
this reaction at 30-3°, 39-9°, and 55-0°. The values are given in Table 5 and the activation 
energy E; obtained from these is 7-9 kcal. mole™. 


TABLE 5. Dimerisation of 1: 1-diphenylethylene to 1:1: 3: 3-tetraphenylbut-1-ene 
in stannic chloride—water—benzene. 


he ° Ey K 
(mole 1.3 sec.~) (kcal. mole-) (mole™ i.) 
6-8 x 10-3 (30-3°) 79 + 0-2 19-9 + 0-4 (30-3°) 
9-9 x 107% (39-9°) 11-2 + 0-4 (39-9°) 
18-2 x 10-3 (55-0°) 5-4 + 0-2 (55-0°) 
* k; is expressed in terms of the number of moles per 1. of dimer appearing per second. 
AH? = 
AG? (E: — RT) AS? AG* AH° AS° 
(kcal. mole!) (kcal. mole) (cal. deg. mole) (kcal. mole) (kcal. mole) (cal. deg.-' mole~') 
20-7 (30-3 7:3 — 44-2 (30-3°) —1-8 (30-3°) —10-5 — 28-7 (30-3°) 


The values cf K, AG°, AH®°, and AS° are taken from Part V. 


DISCUSSION 


1 : 1-Diphenylethylene is not dimerized by stannic chloride in benzene unless a cocatalyst 
is present. This was shown in Part V, where water as co-catalyst was studied. The 
present work shows that hydrogen chloride is also a co-catalyst in this reaction, although, 
in the absence of stannic chloride, it does not polymerize or react with the monomer. 

Any mechanism for the dimerization of 1: 1-diphenylethylene in benzene-stannic 
chloride-hydrogen chloride systems must account for the following observations. The 
initial rate of dimerization is of (a) second order in monomer, (8) first order in stannic 
chloride, (c) first order in hydrogen chloride; also (d) the order in catalyst is the same in 
the forward and the reverse direction (since [D},/[M].” = K, independent of the catalyst 
concentration). 

We postulate the following mechanism where M = monomer, and D = dimer: 


M+ SnCly + HCISQ—PHM*SnCI)- we eee eee 
b 
a 

M-+ HM*+(SnCl,)> SOP HD*(SnCl)- we eee eee 
b 
a 

HD*(SnCl,)~ <7 oe ee: 


This mechanism will account for the results if we make the same assumption as in Part V 
that reaction (2a) is the rate-controlling step. Then the initial rate of dimerization, as 
observed experimentally, is given by: 
Initial rate = kpg[HM*(SnCl,)~J[M] 
= kes(kre/kyg SCI ,MHCII[M]* 
This expression is consistent with our results, and the velocity constant, k;, for the dimeriz- 
ation has been evaluated from the expression: 


Initial rate = k{SnCl,J[HCI][M]® 
where kt = Kog « Kyg/Kyy = KegKy 


This constant is given for each temperature in Table 4. From these values of f;, the 
corresponding activation energy, F;, was calculated and found to be 4-7 kcal. mole?. The 
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values of K, AG°, AH°, and AS° obtained for this dimerization (see Table 4) are in good 
agreement with those obtained in our previous work on the dimerization of 1 : 1-diphenyl- 
ethylene with trichloroacetic acid in benzene? and in nitroethane;* with iodine in 6- 
nitropropane;*® and with stannic chloride—water in benzene.! 

The stannic chloride-hydrogen chloride catalysed reaction differs from the stannic 
chloride-water catalysed reaction in the following ways: (a) The velocity constant of 
the HCl-cocatalysed reaction is greater than that of the H,O-cocatalysed reaction. The 
activation energy for the dimerization is reduced from 7-9 kcal. mole to 4-7 kcal. mole on 
changing from water to hydrogen chloride. The effect of this decrease of 3-2 kcal. mole 
on the rate of reaction is partly offset by an accompanying decrease in the entropy of 
activation (see Tables 4 and 5). 

(6) There is no optimum [HC1]/[SnCl,] ratio as there is for the [H,O}/[SnCl,] ratio. 
This means that no stable stannic chloride—hydrogen chloride complex is formed. Either 
the proton transfer occurs in a 3-body reaction as given in equation (1), or, which is 
practically the same, an equilibrium may exist of the type: 

a 


SnCly-+ HCISg—P Sach, HCl. - - 2 ew ee eee 
b 


which lies well to the left, followed by the proton transfer: 


a 
SnCl,,HCl + Mag—P MHtSACIS[ ww we ee eee SD 
b 
In this case: 
Initial rate = ky,[HM*(SnCl;)~)[M] 


= keog(ksq/ks4)[SnCl,,HCl][M]? 
= kog(ksa/ksp)(Kgalkap)[SnClg][HCI][M]* 
and kt = Kgg(Ksq/ks5)(Kgal kan) = Keak sKg 


In related work on hydrogen chloride—aluminium chloride complexes, Brown and Pearsall ® 
could find no evidence for the existence of the corresponding complex HAICI,, although 
in the presence of aromatic hydrocarbons, ternary complexes of great stability are formed 
which correspond in properties to salts of a very strong acid having the composition of 
this hypothetical complex. 

(c) There is no evidence of solvation of the ion pairs by the catalyst, as there is when 
water is the cocatalyst. The fact that a stannic chloride-hydrogen chloride complex 
does not exist in these systems, or, if it does, is present in very small concentrations, 
whereas evidence for a stable SnCl,,2H,O complex is found in the stannic chloride—-water 
system, shows that the attraction between chlorine and SnCl, is much less than between 
oxygen and SnCl,. It is not surprising then that although SnCl, solvates the 
MH*(SnCl,,H,O OH)~ ion pair, it does not solvate the MH*(SnCl,;)~ ion pair. It is also 
found that although SnCl,,2H,O helps to solvate the MH*(SnCl,,H,O OH)~ ion pair 
there is no evidence for solvation of the MH*(SnCl;)~ by SnCl,,HCl. This is to be expected 
since the acid SnCl,,2H,O will form hydrogen bonds with the (SnCl,,H,O OH)~ ion, but 
one would not expect hydrogen bonding between SnCl,,HCl and the SnCl;~ ion. 


We wish to thank The Distillers Company Ltd. for financial help. One of us (J. L.) thanks 
the City of Cardiff Education Authority for a Maintenance Grant. 
UNIVERSITY COLLEGE, CATHAYS PARK, CARDIFF. [dteceived, January 12th, 1959.] 


5 Evans, Jones, and Thomas, J., 1957, 2095. 
* Brown and Pearsall, ]. Amer. Chem. Soc., 1951, 73, 4681. 
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390. The Structure of Lecithin Micelles in Benzene Solution. 
By P. H. E_wortuy. 


Diffusion coefficients of lecithin in benzene were determined by using the 
Gouy diffusiometer. Integral measurements yielded patterns which were 
characteristic of two-component diffusion, from which the mean molecular 
weight of the small micelles was determined. In semi-differential diffusion 
measurements the interference patterns complied with the theory for diffusion 
of a single solute, and the molecular weight of the large micelles was deter- 
mined from these measurements. Viscosity studies showed that the large 
micelles were asymmetric, and treatment as ellipsoids gave axial ratios of 
about 2:1. The final molecular weights for the large and the small micelles 
agreed with those obtained from osmotic data. The properties of solutions 
of model structures were calculated and compared with the observed pro- 
perties; this indicated that the micelles had a laminar structure. 


PREVIOUSLY,! osmotic studies of the lecithin-benzene system at 25° showed that small 
micelles were present below a concentration of 0-73 g. 1.-'; above this concentration (the 
critical micelle concentration) aggregation to large micelles occurred. The molecular 
weight of the large micelles could not be obtained directly, but only by fitting a law of 
mass-action equation to the experimental results, when one of the constants of the equation 
could be used to calculate the molecular weight. In this paper the molecular weight of 
the large micelles has been obtained from diffusion measurements, and the shape of the 
micelles from viscosity measurements. By comparison of experimental results with those 
calculated from the properties of model structures, it appears that the micelles have a 
laminar structure. , 


EXPERIMENTAL 


Materials.—The physical properties of the lecithin and benzene used have been reported. 

Apparatus.—The apparatus was based on the Gouy diffusiometer described by Gosting 
et al.2 and by Saunders. All components were mounted on a 2 m. optical bench which rested 
on a vibration-free girder. Green light (A = 5461 A) from a mercury vapour lamp was isolated 
by the appropriate interference filter, and illuminated a horizontal slit 12-5 in width. The 
image of the slit was focused through the diffusion cell on a Kodak P2000 photographic plate. 

A new diffusion cell, suitable for use with non-aqueous liquids, was designed for the rapid 
formation and sharpening of boundaries (Fig. 1). The cell had the general form of a U-tube; 
the two upright arms were 2 x 2 cm. in area, and were made from a single brass block. Part 
of the face of channel B was milled to allow optically flat (2/2) cell windows C to be fitted. 
Gaskets for the cell windows were made of a rubber resistant to benzene, and were well extracted 
before use. A mask G fitted over the cell window on the plate side of the cell. The twol x 1 
mm. square holes cut in the mask were separated by a vertical distance of 5 mm., and were so 
placed that the boundary was equidistant between them. Photographs of the interference 
patterns produced by the square holes, first with the solution in the cell, and secondly with 
the boundary present, provided a means of determining fractional jm;* jm is the difference 
in optical path length between the two liquids in the cell in wavelengths of light. Photographs 
for determining fractional jm were taken with the triangular aperture of G masked. The 
shape of the aperture helps to cut down the intensity of the undeviated slit image and inner 
fringes of the pattern, which are usually more intense than the outer fringes. 

A constriction A, diameter 2 mm., length 5 mm., was drilled at the top of B. Two glass 
reservoirs, D and E, were made to fit into the top of the brass block, and the glass—metal joints 
were carefully ground and polished until a liquid-tight seal was achieved. The solution- 
containing reservoir, D, had a good quality vacuum tap fused to it. The boundary was 
sharpened by flow through a 50 y slit in the cell wall (F). The interference pattern from two 

1 Elworthy, J., 1959, 813. 


? Gosting, Hanson, Kegeles, and Morris, Rev. Sci. Instr., 1949, 20, 209. 
3 Saunders, J., 1953, 519. 
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square holes, J, cut in the side of the cell, was deflected downwards by an inclined plate of 
optical glass, and provided a reference trace on the photographic plate from which all distances 
were measured. The cell was clamped rigidly in a bath fitted with optically flat (4/2) windows, 
and supplied with water from a thermostat regulated at 25° + 0-05°. 

Measurement of Diffusion Coefficients —The reservoir D and U-tube of the cell were filled 
with solution, the tap on D closed, and the solution brought to the middle of the constriction by 
flow through the slit. The reservoir E was inserted, and the cell clamped in position in its bath 
on the optical bench, and allowed to come to temperature equilibrium. A series of exposures of 

the reference trace and undeviated slit image were 

Fic. 1. taken. The solvent, or more dilute solution in the 

case of a semi-differential diffusion, was warmed to a 

| | | | few degrees above 25°, and run slowly into FE by 

| pipette. The constriction prevented the two liquids 

from mixing to any extent. Flow through the slit 

F lowered the boundary to slit level, i.e., to the 

middle of the cell windows. The heights of the 

liquids in the two reservoirs were equalised, and 

the tap on reservoir D opened. Flow was continued 

through the slit so that both liquids were flowing 

out from the cell, and the diffuse region produced 

by displacement of the boundary downwards from 

the constriction was swept away. The purpose of 

the plate H (5 x 5 mm.) was to prevent fast- 

moving liquid emerging from the narrow constriction 
and impinging directly on the boundary. 

Flow through the slit was maintained at 1 
ml. min. for 25 min.; the boundary was finally 
sharpened by four minutes’ flow at 4 ml. min.7. 
Flow was stopped abruptly by closing a brass clip 
which constricted the tube carrying the outflow 
from the cell; diffusion commenced when flow was 
stopped. Immediately after the start of diffusion the cell was masked so that only the 
square holes in the cell mask and the reference trace were illuminated. Photographs of the 
interference patterns were used in the determination of fractional jm. 

The interference patterns produced by diffusion (the square holes in the cell mask were 
covered during these exposures) were photographed at timed intervals after the beginning of 
the experiment; time was measured with an accurate chronometer-watch. Distances on the 
plate were measured on a Cambridge Universal Measuring Machine to within 0-0002 cm. 

Extremely sharp boundaries were produced by this technique, and no correction for Af* 
(the time taken for an infinitely sharp boundary to reach the state of the existing boundary 
when diffusion commenced) was necessary, as the diffusion coefficients varied only randomly 
with time. 

Density of Solid Lecithin.—Finely-divided dry lecithin was kept in a stoppered density 
bottle which was half full of dry acetone for several days, with pumping at intervals to remove 
air. The density was determined by the usual displacement technique. After the measure- 
ment the amount of lecithin used was determined by drying and weighing. Two repeat 
measurements gave 1-016 and 1-015 g.ml.}. 

Viscosity Measurements.—Viscosities relative to benzene were determined in a No. 0 Ostwald 
capillary viscometer. 

Osmotic Pressures.—These were measured as previously described.? 








RESULTS 


The terminology used in describing the diffusion measurements is that of Stigter et al.5 The 
results of a series of integral diffusion experiments (diffusion into pure solvent) are shown in 
Table 1. 


* Longsworth, J]. Amer. Chem. Soc., 1947, 69, 2510. 
5 Stigter, Williams, and Mysels, J. Phys. Chem., 1955, 59, 330. 
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TABLE 1. Integral diffusion coefficients of lecithin in benzene. 


ek ee 5-00 8-76 15-00 17-45 19-54 20-12 22-83 31-77 
Re Gk BE) nccccescemns 2-27 2-07 1-79, 1-62, 1-42, 1-58, 1-50, 1-36, 
PR sidncccctcecivventnmsiioaniess 6-97 10-60 16-61 19-13 20-92 21-72 24-26 33-15 
PRE sin ssKccneiseneivientacrbriias 0-125 0-089 0-054 0-043 0-033 0-031 0-026 0-008 


The patterns obtained in these experiments were characteristic of two-component diffusion. 
Ct, the ratio of the observed to the theoretical displacement of a fringe above the undeviated 
slit image, was not constant, but increased as the fringe number decreased. (The outermost 
fringe in the pattern was numbered zero.) For two-component diffusion the Gaussian distribu- 
tion curve suffers kurtosis, and the results were best expressed by a weight average diffusion 
coefficient D’, which was calculated by Akeley and Gosting’s method.* D’ was obtained by 
examining the relative fringe deviation of the patterns; maximum values of the relative fringe 
deviation, Apa are shown in Table 1. 

Semi-differential diffusion experiments (diffusion from a concentrated into a dilute solution) 
gave patterns which fitted the theory for single-solute diffusion. 


TABLE 2. Semit-differential diffusion coefficients of lecithin in benzene. 


Gs piciesincinanceducemnaegnetanctes 6-00 15:00 25-00 8-50 1250 17:78 25:00 32-77 
WE  ccicesicescsnscasavsssoccsoeses 10:00 10:00 1000 1500 1500 15:00 15:00 15:00 
10*De (cm.* sec.-*) _......... 1-269 = 1-281 1-284 1:268 1-272 1-282 1-285 1-294 
GE veccsins mmegpmaapesionsenen 10:39 -10-17 10-18 1435 1430 1415 1418 1410 
C = mean concentration of the two solutions used in an experiment in g.1.-'. AC = concentration 


difference between the two solutions in g. 1.~7. 


TABLE 3. Vziscosities of solutions of lecithin in benzene. 


10°4, 1054, . Nep. Correction to 1p, v 
0-72 -= 0-004 — 6 
0-91 1-85 0-010 —0-005 2-7 
0-96 4-57 0-021 — 0-005 3-5 
1-01 10-03 0-048 — 0-006 4-2 
1-02 12-91 0-066 — 0-006 4-6, 
1-04 17-37 0-090 — 0-006 5-4 
1-04 19-83 0-118 — 0-006 5-6, 
1-05 26-24 0-170 — 0-006 6-2, 


Nesp. = Observed specific viscosity. v = mp (corrected) ¢,-'. A plot of v against ¢, gave a straight 
line with an intercept at ¢, = 0 of 2-7,. 


Ct was constant, and the height-area average diffusion coefficient, Da, was calculated from 
Longworth’s equation: * 
Da = (gmt enCP . . 2. 1 ew ew ltl ele CUD 


where b is the optical distance from the centre of the cell to the photographic plate in cm., 
A is the wavelength of the light in cm., and ¢ is the time in seconds at which the photograph was 
taken. 

All patterns were formed above the undeviated slit image, since the refractive indices of 
lecithin solutions were less than those of solvent or more dilute solutions. 

The viscosity results are shown in Table 3. There was a small relative viscosity at 0-73 g. 1.7}, 
the critical micelle concentration, where the solute was present mainly as small micelles. To 
obtain the relative viscosity due to the large micelles, the results were corrected by subtracting 
the relative viscosity due to the small micelles (obtained from a knowledge of the relative 
viscosity at 0-73 g. 1.1, and the concentrations of small micelles present in the solution) from 
the total observed relative viscosity. The volume fraction of the small micelles, ¢,, and the 
large micelles, ¢,, were calculated from the concentrations of the two species in a solution, 
which were obtained from the mass-action equation.? 

To check that the mass-action equation held at concentrations greater than 10 g. 1.7}, 
additional osmotic pressure measurements were made (Table 4). There was reasonable agree- 
ment between the observed osmotic pressures and those calculated from the mass-action equation. 


* Akeley and Gosting, J]. Amer. Chem. Soc., 1953, 75, 5685. 
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TABLE 4. Extension of osmotic pressure measurements. 
GO. Ge cnccetecenessicsasens 10-31 15-21 25-04 30-02 
ii, GO dasnctedciiscsseseees 1-18 1-47 1-81 2-08 
PA AS Secesecemeccninrsaiies 1-18 1-41 1-85 2-07 


DISCUSSION 

The weight-average diffusion coefficient, D’, obtained from integral diffusion measure- 
ments, decreases as concentration increases (Table 1). This is expected as the con- 
centration of small micelles, C,, increases little above the critical micelle concentration, 
while the concentration of large micelles, C,, increases rapidly (see Table 5). At high 
concentration C, is twenty to thirty times larger than C,, and values of D’ approach those 
for the diffusion of large micelles alone. As concentration decreases, the amounts of large 
and small micelles become more equal, and D’ increases, as the diffusion coefficient of 
the small micelles has more effect on the averaging process which produces D’. Also, 
as concentration decreases, Amax, becomes larger, indicating a larger deviation from a 
normal Gaussian distribution curve. 

The concentration region below 5 g. 1. could not be explored with the present apparatus, 
as there was insufficient refractive index difference between the solvent and the solutions 
to give a reasonable value of jm. For this reason the diffusion coefficient of the small 
micelles could not be measured directly, but below 20 g. 1.1 a plot of 1/D’ against concentra- 
tion gave a straight line which could be extrapolated to D’ = 2-67 x 10% cm.? sec. at the 
critical micelle concentration, where the solution consisted almost entirely of small micelles. 
This value was taken as the diffusion coefficient of the small micelles. 

The mass-action equation } was used to calculate C, and C, in a solution of total con- 
centration Cy = C, + C,, and from a knowledge of the refractive index increment per 
unit concentration of the large micelles, « (obtained from the experimental values of jm), 
D’ was calculated from 

D’=eD,+(l1—2)D,. ...... .- (% 


where D, was the diffusion coefficient of the large micelles, and D, was the diffusion 
coefficient of the small micelles. 


TABLE 5. Comparison of calculated and observed diffusion coefficients for the integral 
diffusion of lecithin in benzene. 


CAR - ced icewniciesaenssnacibenesces 5-00 8-76 15-00 17-45 19-54 20-12 22:83 31-77 
lee apnabsnaxedavennensetsavasiane 0-97 1-00 1-04 1-05 1-05 1:06 1-06 1-09 
Gk... ccewsnanuntedinsss 4-03 7-75 13-96 16-39 18-49 19-06 21-77 30-68 
IPD’ xe. (cm.* sec.) ......... 2-3 2-1 1-8 1-6 1-4 1-6 1-5 1-4 
10®D’ aie. (cm. sec.-!) ..... 2-0 1-8 1-6 1-6 1-5 1-5 1-5 1-4 


There is general agreement between the observed and calculated diffusion coefficients. 
Large errors occurring in the graphical integrations used in finding D’..,, would account 
for some of the discrepancies. The agreement confirms the general applicability of the 
mass-action equation to this system. 

The two sets of semi-differential diffusion coefficients (Table 2) at C = 10-00 and 
15-00 g. 1.1, show little variation of diffusion coefficient with AC, as would be expected 
in non-polar solvent where charge effects should be almost absent. The pairs cf solutions 
used in each experiment contain almost the same concentrations of small micelles, a 
consequence of the mass-action law; they differ mainly in their concentrations of large 
micelles, which is the species diffusing. A plot of Da against concentration yields a straight 
line, giving Da = 1-264 x 10% cm." sec. at C= 0. This value is taken as the diffusion 
coefficient of the large micelles. 

Size and Shape of the Micelles.—The value of v when ¢, = 0 from the viscosity experi- 
ments was 2-7,. A system obeying the postulates on which Einstein’s? relationship is 

7 Einstein, Ann. Physik, 1906, 19, 289; 1911, 34, 591. 
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based would give v = 2-5 when ¢, = 0. Higher values of v than 2-5 are attributed either 
to asymmetry or to solvation of the particles. The large micelles being treated as ellipsoids, 
and it being assumed that the divergence of v from 2-5 is due to asymmetry, Mehl, Oncley, 
and Simha’s ® tables give values for the axial ratios a/b of 1-79 (prolate) or b/a of 1-88 
(oblate). These axial ratios can be used to find the ratio of the frictional coefficient of 
the ellipsoid to that of a sphere of the same molecular weight (///,)[//fo = 1-030 (prolate) 
and 1-035 (oblate)}.° 

As f/fy = Do/D, where D is the diffusion coefficient of the ellipsoid and D, is the diffusion 
coefficient of a sphere of the same molecular weight, values of D, can be calculated from 
the experimental values of D. For a prolate ellipsoid Dy = 1-302 x 10° cm.? sec.", and 
for an oblate D, = 1-308 x 10% cm.*sec.1. The molecular weights are 55,200 and 54,400 
respectively, calculated from the Stokes~Einstein relationship, the viscosity of benzene 
being taken as 0-006028 poise.’ 
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The data for the small micelles are not so exact as for the large ones. Only an approxi- 
mate value of v can be assigned, owing to the small observed relative viscosity. vis taken 
from the result at 0-73 g. 1.1 and is approximately 6. A similar procedure to that described 
above being used, a/b = 5-1 (prolate), b/a = 6-9 (oblate), f/f, = 1-26 (prolate), f/f, = 1-32 
(oblate), Dy = 3-4 x 10° (prolate), and D, = 3-5 « 10% cm.? sec. (oblate). The mole- 
cular weights were 3100 (prolate) and 2800 (oblate). 

Comparison with Model Structures.—It is probable that the polar head groups of the 
large micelles are turned inwards remote from the benzene, and the hydrocarbon chains 
of the fatty acids protrude outwards. There are two general possibilities for arrangement 
of monomers in the micelle. First, as a laminar micelle in which the head groups are 
arranged as in a sandwich (Fig. 2). Secondly, as a spherical micelle where the head groups 
are arranged to cover the surface of a sphere (Fig. 3). From a molecular model the overall 
length of the monomer is 35 A with fully extended hydrocarbon chains, and the area of 
the polar head group is 50 A*. The length of the monomer is based on the average fatty 
acid composition of lecithin. 

The following calculation shows the spherical arrangement to be unlikely. A micelle 
containing seventy monomers being taken, arranged as in Fig. 3, it is possible to calculate 
the radius of the ‘‘ hole” in the micelle interior. The total radius of the micelle can then 
be calculated (52 A) and hence the diffusion coefficient (7-0 x 10-7 cm.? sec.~) ; this is roughly 
half the observed diffusion coefficient. 

§ Mehl, Oncley, and Simha, Science, 1940, 92, 132. 


® Svedberg and Pederson, ‘‘ The Ultracentrifuge,’’ Clarendon Press, Oxford, 1940, p. 41. 
10 Weissberger and Proskauer, ‘“‘ Organic Solvents,’”’ Interscience, New York, 1955, p. 72. 
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Calculations of the properties of the following models have been made, based on the 
laminar arrangement and allowance of a 2 A gap between the two halves of the sandwich: 
(a) Prolate and oblate ellipsoids with a molecular weight of 57,000 (molecular weight from 
osmotic-pressure measurements). (0) Prolate ellipsoids with molecular weight of 55,200 
(molecular weight based on diffusion and viscosity data). (c) Oblate ellipsoid with a 
molecular weight of 54,400 (molecular weight based on diffusion and viscosity data). The 
results of the calculations, as well as the experimental data, are shown in Table 6. 


TABLE 6. Comparison of results from experiment and from models. 


Experimental Osmotic Diffusion—viscosity 
Prolate Oblate Prolate Oblate Prolate Oblate 
DD .. dutaadncunisaaataliiuiwetu 55,200 54,400 57,000 55,200 54,400 
TD dccusccccszcqunssepesareceones 70-4 69-4 72-7 70-4 69-4 
IOD (cm.* sec.**) ......... 1-264 1-264 1-269 1-219 1-282 1-229 
10*D, (cm.® sec.7}) ......... 1-302 1-308 1-288 1-302 1-308 
5 Sea erer see 1-030 1-035 1-015 1-057 1-016 1-064 
D ‘sxtagupenntesncnedneneanesuias 2-78 2-63 2-97 2-64 3-04 
adh ere 1-79 1-88 1-50 2-24 1-52 2-35 
DPE. ‘sienieinasnishennenes 2-15 2-12 2-12 2-13 2-12 


M = molecular weight; m = number of monomers in micelle; for B see text. 


All figures calculated from models have a moderate agreement with experimental data, 
indicating that the laminar arrangement of monomers is likely. In general, diffusion 
coefficients calculated for oblate models diverge rather more from the experimental values 
than those calculated for prolate models. No absolute choice between the prolate and 
oblate form can be made owing to the divergence of the actual micelle from perfect ellip- 
soidal shape, and to the combined errors of the experimental results. 

8 is a quantity defined by Scheraga and Mandelkern ™ and should depend only on the 
axial ratio of the ellipsoid. For an increase of b/a from 1 to 300 for oblate ellipsoids, 8 
increases from 2-12 x 10® to 2-15 x 106 and for a prolate ellipsoid variation of a/b from 
1 to 300 causes 8 to increase from 2-12 « 10® to 3-60 x 10°. In the present case the choice 
between oblate and prolate ellipsoids cannot be made as 8 is insensitive at small axial 
ratios; it is noteworthy that 6 = 2-13 x 10® (prolate) and 2-12 x 10® (oblate) for axial 
ratios of 2:1. The value of 8 calculated from the experimental results is thus in the 
correct region. 

The agreement between the molecular weight from osmotic pressure measurements 
and that from diffusion—viscosity experiments is good, the molecular weight from the latter 
methods being lower. If the micelles were much solvated it would be expected that the 
diffusion-viscosity molecular weight would be larger than that obtained from osmotic 
pressure, owing to the solvating molecules’ travelling with the micelle, and affecting the 
diffusion coefficient to a large extent. 

Consideration of models of the small micelles is based on osmotic data alone, owing to the 
uncertainties in the determination of the diffusion coefficient and v. The osmotic molecular 
weight was 3180, corresponding to four monomers (3140). If these micelles have the same 
structure as the large ones, the overall length will be 72 A, and the cross-sectional area at 
the head groups will be 100 A*. In this case the small micelles can only approximate to 
a prolate ellipsoid. The four-monomer model will have a/b of approximately 7, which 
is in agreement with the experimental value. The molecular weight obtained from 
diffusion—viscosity data was 3100. The agreement with the osmotic result is perhaps 
fortuitous. 


I thank Dr. L. Saunders for discussions, and Mr. P. C. Barden for making the cell. 


SCHOOL OF PHARMACY, UNIVERSITY OF LONDON, ; 
BRUNSWICK SQUARE, Lonpon, W.C.1. [Received, January 27th, 1959. | 


1! Shiraga and Mandelkern, J. Amer. Chem. Soc., 1953, 75, 179. 
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391. Modified Steroid Hormones. Part XI.* Some Ethisterone 
Homologues. 
By (Miss) S. P. Barton, D. Burn, G. CooLey, B. ELLis, and V. PETROw. 

A method for the conversion of 17«-ethynyl-17$-hydroxy-derivatives of 
androstane into the C,,,)-alkyl derivatives isdescribed. Its application to the 
preparation of the potent progestational agents 21-methyl- ¢t (VI; R = Me) 
and 21-ethyl-6«-methylethisterone (VI; R = Et) is reported. 

Our studies on alkylated steroid hormones! are herein extended to some 2l-alkyl 
derivatives of 17a-ethynyl-178-hydroxyandrost-4-en-3-one (ethisterone) (II; R = H) and 
its 6x-methyl homologue (VI; R = H). 

Initial attempts to prepare the Ci,-alkyl derivatives of ethisterone (II; R= H) 
employed 17a-ethynylandrost-5-ene-38 : 178-diol (I; R = R’ = H) as starting material. 
Protection of the two hydroxyl groups was achieved by condensing the diol with 2 : 3-di- 
hydropyran to give the bistetrahydropyranyl ether (I; R = H, R’ = C;H,O) as a mixture 
of isomers which was used directly for alkylation. Conversion of a tertiary hydroxyl 
group into a tetrahydropyranyl ether has been recorded previously.2_ The bis-ether (I; 
R =H, R’ = C;H,O) with lithamide in liquid ammonia readily gave the 21-metallo- 
derivative which passed smoothly into a 21-alkyl intermediate on treatment with an alkyl 


HO 





HO 





oO : 
Me (IV) Me (V) Me (VI) 


halide. Regeneration of the 38- and 17$-hydroxyl groups with ethanolic toluene-p- 
sulphonic acid furnished the 21-alkyl derivatives (I; R = alkyl, R’ = H) which passed 
into the required 2l-alkylethisterones (II; R = alkyl) on Oppenauer oxidation. The 
21-methyl, -ethyl, -propyl and -octyl derivatives of 17«-ethynyl-178-hydroxy-5a-androst- 
4-en-3-one were obtained in this way. Their biological study * revealed that the 21-methyl 
and the 2l-ethyl homologue are superior to the parent steroid (II; R = H) as progest- 
ational agents administered by the oral route. The preparation of these compounds was 
therefore studied further, and an alternative, and in some respects more convenient, 
reaction sequence developed. 

Ethisterone (II; R = H) was converted into its 3 : 3-ethylenedioxy-derivative * (III; 
R = R’ = H) and thence by reaction with 2: 3-dihydropyran into 3 : 3-ethylenedioxy- 
17a-ethynyl-178-(tetrahydro-2-pyranyloxy)androst-5-ene (III; R=H, R’ =C,;H,0). 
Alkylation of the ethynyl group by lithamide in liquid ammonia followed by an alkyl 

* Part X, J., 1959, 788. 


+ The nomenclature in the Introductory section is based upon the use of the trivial name “ ethi- 
sterone ”’ for (II; R = H). 

1 Part VII, J., 1957, 4112. 

2 Elphimoff-Felkin, Bull. Soc. chim. France, 1955, 784. 

’ David, Hartley, Millson, and Petrow, J]. Pharm. Pharmacol., 1957, 9, 929. 

* U.S.P. 2,288,854. 
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halide, and by removal of the 3- and 17-protecting groups by hot alcoholic oxalic acid, 
furnished the 2l-alkylated ethisterone (II; R = alkyl). In view of the ready availability 
of the ketone (II; R = H), this route may be preferred as a preparative method. 

While this work was in progress, we learnt that 6a-methylethisterone * (VI; R = H) is 
about six times as potent as ethisterone as a progestational agent when tested in the 
Clauberg assay. Consequently we prepared some 21]-alkyl-62-methylethisterones in the 
hope that the enhancing effects of 6x- and 21-alkylation on biological activity might prove 
additive. This was achieved in the following ways. 

17«-Prop-1’-ynylandrost-5-ene-38 : 178-diol (I; R = Me, R’ = H) was oxidised with 
monoperphthalic acid to the corresponding 5a: 6«-epoxide admixed with some 58 : 68- 
epoxide. The former oxide with methylmagnesium iodide furnished 68-methyl-17«-prop- 
1’-ynyl-5a-androstane-38 : 5a : 178-triol (IV; R = Me) which passed into the 3-ketone 
(V; R= Me) on oxidation with chromium trioxide-pyridine. Treatment of this @-hydr- 
oxy-ketone with catalytic amounts of hydrochloric acid in hot ethanol led to dehydration 
and concomitant epimerisation of the 68-methyl group (cf. ref. 5) with the form- 
ation of 178-hydroxy-6«-methyl-17«-prop-1’-ynylandrost-4-en-3-one (6« : 21-dimethyl- 
ethisterone) (VI; R = Me). The higher homologues (VI; R = Et and Pr) were similarly 
prepared from 17«-but-l’-ynyl- and 17-pent-1’-ynylandrost-5-ene-38 : 178-diol, respec- 
tively. A second convenient method of obtaining the intermediate triols (IV; R = Me, 
Et and Pr) involved condensing 172-ethynyl-63-methyl-5<-androstane-38 : 5a : 178- 
triol® (IV; R =H) with 2: 3-dihydropyran, alkylating the product at Cy,, and subse- 
quently removing the protecting groups. 

Simple variations of the foregoing routes to 21-alkyl derivatives of 6«-methylethisterone 
were explored. Thus, 172-ethynyl-5« : 178-dihydroxy-63-methyl-5-androstan-3-one * (V; 
R = H) was transformed into its 3 : 3-ethylenedioxy-derivative, and the product, after 
reaction with 2 : 3-dihydropyran, treated with lithamide in liquid ammonia followed by 
ethyl iodide. Removal of the protecting groups furnished 17«-but-1’-ynyl-5« : 178-di- 
hydroxy-68-methyl-5«-androstan-3-one (V; R= Et), from which 21-ethyl-6a-methyl- 
ethisterone may be obtained (see above). In addition, the immediate precursor (V; R = 
Pr) of 6«-methyl-21-propylethisterone (VI; R = Pr) was prepared from 3 : 3-ethylenedi- 
oxy-17«-pent-1l’-ynyl-178-(tetrahydro-2-pyranyloxy)androst-5-ene (III; R= Pr, R’ = 
C;H,O) by conversion into the corresponding 5« : 6z-epoxide followed by reaction with 
methylmagnesium iodide and regeneration of the 3- and 17-oxygen functions. Finally, 
21-methylation of 17«-ethynyl-6-methylandrost-5-ene-38 : 178-diol® gave 6-methyl-17- 
prop-1l’-ynylandrost-5-ene-38 : 178-diol which passed into 6: 21l-dimethylethisterone on 
Oppenauer oxidation. 

Biological study of the foregoing ethisterone homologues revealed that 6 : 21-dimethyl- 
ethisterone (VI; R= Me) is about twelve times as potent as ethisterone in the 
Clauberg assay.3 

EXPERIMENTAL 

Rotations were determined in a 1 dm. tube in chloroform unless otherwise stated. Ultra- 
violet absorption spectra (in ethanol) were kindly determined by Mr. M. T. Davies, B.Sc. B.D.H. 
alumina (chromatography grade) was used throughout. 

17a-Ethynyl-38 : 178-bis(tetrahydro-2-pyranyloxy)androst-5-ene (I; R =H, R’ = C;H,O).— 
17a-Ethynylandrost-5-ene-38 : 178-diol (10 g.) in tetrahydrofuran (85 ml.) and 2: 3-dihydro- 
pyran (25 ml.) was treated with phosphorus oxychloride (0-2 ml.)._ After 3 hr., the mixture was 
poured into water and the product collected, washed, and crystallised once from aqueous 
acetone containing 2 drops of pyridine. The bis-ether was obtained as a mixture of isomers, 
needles, m. p. 154—156°, repeated crystallisation of which gave material of m. p. 174°, {a),,74 
— 120° (c 0-6) (Found: C, 77-2; H, 9-8. C,,H,,O, requires C, 77-1; H, 9-5%). 

17a-Prop-1’~ynylandrost-5-ene-38 : 178-diol (I; R= Me, R’ = H).—The foregoing com- 
pound (4-1 g.) in dry ether (165 ml.) was added during 1 hr. to a stirred solution of ferric nitrate 


5 Part V, J., 1957, 4099. 
* Part VI, J., 1957, 4105. 











1959] Modified Steroid Hormones. Part XI. 1959 


(200 mg.) and lithium (0-45 g.) in freshly redistilled liquid ammonia (100 ml.) maintained between 
—40° and —35°. After a further 2} hours’ stirring, methyl] iodide (11 ml.) in dry ether (50 ml.) 
was added in 30 min. and the stirring continued for a further 3 hr. Ammonium chloride (4 g.) 
was added, the ammonia allowed to evaporate, and the product, isolated with ether, heated 
under reflux for 30 min. with toluene-p-sulphonic acid (0-6 g.) in ethanol (60 ml.). The solid 
obtained on the addition of water was purified from aqueous methanol to give 17«-prop-1’-ynyl- 
androst-5-ene-38 : 178-diol, needles, m. p. 179—181°, [aJ,** —121° (c 0-98) (Found: C, 76-4; H, 
9-7. C,,H;.0,,H,O requires C, 76-3; H, 99%). The compound was dried in vacuo at 100°, 
the m. p. remaining unchanged (Found: C, 79-9; H, 9-7. C,,H;.O0, requires C, 80-4; H, 9-8%). 
Acetylation in pyridine (18 hr. at 20°) gave the 38-monoacetate, plates (from aqueous ethanol), 
m. p. 201—202°, {a],,23 —118° (c 0-68) (Found: C, 77-6; H, 9-2. C,gH3,O, requires C, 77-8; H, 
9-25%). 

17x-But-1’-ynylandrost-5-ene-38 : 178-diol (I; R = Et, R’ = H), prepared similarly, formed 
needles (from acetone-hexane), m. p. 78—81°, {aj —121° (c 0-83) (Found: C, 81-0; H, 10-2. 
C,3H,,0, requires C, 80-7; H, 9-9%). The 38-monoacetate formed needles (from acetone— 
hexane), m. p. 134—135°, [a],,24 —116° (c 0-67) (Found: C, 77-7; H, 9-3. C,;H 3,0, requires C, 
78-1; H, 9-4%). 

17a-Pent-1’-ynylandrost-5-ene-38 : 178-diol (I; R= Pr, R’ =H) formed needles (from 
acetone-hexane), m. p. 70—71°, [{a],25 —120° (c 0-97) (Found: C, 80-5; H, 10-5. C,,H;,0, 
requires C, 80-8; H, 10-2%). The 38-monoacetate formed needles (from ether-light petroleum), 
m. p. 98—1OL®, [a),,2° — 112° (c 1-0) (Found: C, 78-2; H, 9-9. C,.H,,O; requires C, 78-3; H, 9-6%). 

17a-Dec-1’-ynylandrost-5-ene-38 : 178-diol (I; R = octyl, R’ = H) formed crystals (from 
acetone-hexane), m. p. 117°, {a],,24 —107° (c 0-97) (Found: C, 81-4; H, 10-5. C,,H,,O, requires 
C, 81-6; H, 10-9%). 

3 : 3-Ethylenedioxy-17«-ethynylandrost-5-en-178-ol (111; R = R’ = H).—17a-Ethynyl-178- 
hydroxyandrost-4-en-3-one (10 g.) and toluene-p-sulphonic acid (200 mg.) in benzene 
(220 ml.) and ethylene glycol (12 ml.) were heated under reflux for 4 hr. in an apparatus fitted 
with a water-separator. The product crystallised on cooling, and was purified from aqueous 
pyridine to give the ketal, plates, m. p. 258—259°, [a],,2> —69° (c 0-75 in pyridine) (Found: C, 
77-35; H, 9-2. Calc. for C,,H;,0,: C, 77-5; H, 9-05%) (lit.,4m. p. 252—254°, [],, — 90°). 

3: 3-Ethylenedioxy-17x-ethynyl-178-(tetrahydvo-2-pyranyloxy)androst-5-ene (III; R = H, R’ = 
C;H,O).—The foregoing ketal (3-8 g.) in dry tetrahydrofuran (200 ml.) and 2 : 3-dihydropyran 
(10 ml.) was treated with phosphorus oxychloride (0-08 ml.). After 24 hr., the mixture was 
poured into a large volume of dilute aqueous sodium hydrogen carbonate, and the precipitate 
collected and crystallised once from aqueous acetone to which a few drops of pyridine had been 
added. The ketal-ether separated as an intimate mixture of blades and needles, m. p. 170— 
174°, [a),,** —92° (c 0-76 in pyridine) (Found: C, 76-6; H, 8-7. C,H, .O, requires C, 76-3; H, 
9-15%), which on fractionation gave isomer A, blades, m. p. 184—186°, {a},,** —107-5° (c 1-07 in 
pyridine) (Found: C, 76-8; H, 8-9%), and a minor proportion of isomer B, needles, m. p. 144— 
145°, [a],,2* —54° (c, 0-73 in pyridine) (Found: C, 76-4; H, 8-85°%). 

178-Hydroxy-17a-prop-1’-ynylandrost-4-en-3-one (II; R = Me).—(a) A solution of 17a-prop- 
1’-ynylandrost-5-ene-38 : 178-diol (1-2 g.) in toluene (100 ml.) and cyclohexanone (40 ml.) was 
distilled until the distillate became clear. After the addition of aluminium isopropoxide (5 g.) 
in toluene (15 ml.), the mixture was refluxed for 1 hr., cooled, and washed with dilute sulphuric 
acid, and the solvents were removed in steam. The product, isolated with ether, was purified 
by passage of its benzene solution through a short column of alumina. Crystallisation from 
acetone—hexane gave 178-hydroxy-17«-prop-1’-ynylandrost-4-en-3-one, needles, m. p. 151—152°, 
fa]p*® +11° (c 0-53 in ethanol), Amsx 240 my (log ¢ 4-2) (Found: C, 80-4; H, 9-3. C,H 3.0, 
requires C, 80-9; H, 9-3°%). 

(b) The product (III; RK =H, R’ = C;H,O) (4 g.; mixed isomers) in tetrahydrofuran 
(100 ml.) was added dropwise in 1 hr. to a stirred solution of ferric nitrate (0-2 g.) and lithium 
(1-55 g.) in liquid ammonia (400 ml.) at —40° to —35°. After this had been stirred for a further 
24 hr., a solution of methyl iodide (11 ml.) in ether (50 ml.) was added during 30 min., and the 
stirring continued for a further 3 hr. Ammonium chloride (5 g.) was added, the ammonia 
allowed to evaporate, and the product isolated with ether. Its solution in ethanol (200 ml.) 
was treated with 2% aqueous oxalic acid (100 ml.), and the mixture refluxed for 45 min. 
Dilution with water gave a solid which crystallised from acetone—hexane in needles, m. p. 151— 
152°, not depressed in admixture with a sample prepared by method (a) above. 








1960 Barton, Burn, Cooley, Ellis, and Petrow: 


17«-But-1’-ynyl-178-hydroxyandrost-4-en-3-one (Il; R = Et).—(a) 17a-But-1’-ynylandrost- 
5-ene-38 : 178-diol was oxidised by the Oppenauer method (see previous preparation), and the 
product chromatographed on alumina. Elution with benzene gave 17a-but-1’-ynvl-178-hydroxy- 
androst-4-en-3-one, plates (from acetone—hexane), m. p. 118—120°, {a],,?* + 12° (c 0-74 in ethanol), 
Amax. 240-5 my (log ¢ 4-2) (Found: C, 80-6; H, 9-8. C,,;H,,O, requires C, 81-1; H, 9-5%). 

(b) The product (III; R = H, R’ = C;H,O) was treated with lithamide and then with ethyl 
iodide under conditions similar to those described above, to give 17«-but-1’-ynyl-3 : 3-ethylenedi- 
oxy-178-(tetrahydro-2-pyranyloxy)androst-5-ene (III; R= Et, R’ =C;H,O), needles (from 
acetone containing a trace of pyridine), m. p. 120—121°, {a)],, —125-5° (c 0-97) (Found: C, 76-4; 
H, 9-4. C,,H,,O, required C, 76-9; H, 9-5%). Treatment with hot aqueous-ethanolic oxalic 
acid, as described above, then gave 17«-but-1’-ynyl-178-hydroxyandrost-4-en-3-one, plates 
(from acetone-hexane), m. p. 118—120°, not depressed in admixture with a sample prepared by 
method (a). 

178-Hydroxy-17a-pent-1’-ynylandrost-4-en-3-one (II; R = Pr),, prepared by (a) Oppenauer 
oxidation of the diol (I; R = Pr, R’ = H) and (b) propylation of the product (III; R =H, 
R’ = C,H,0) to give the derivative (III; R = Pr, R’ = C;H,O), m. p. 104—106°, {a),**> — 136° 
(c 1-07) (Found: C, 77-5; H, 9-55. C,,H,,O, requires C, 77-1; H, 9-6°%) followed by treatment 
with aqueous-ethanolic oxalic acid, separated in prisms (from acetone—hexane), m. p. 86—87°, 
[a],,** +8° (c 0-72 in ethanol), Amax 241 my (log « 4-2) (Found: C, 81-1; H, 9-4. C,,H,,O, 
requires C, 81-3; H, 9-7%). 

17a-Hex-1’-ynyl-178-hydroxyandrost-4-en-3-one (Il; R = Bu), prepared by butylation of the 
product (III; lk = H, R’ = C;H,O) followed by removal of the protecting groupings, separated 
from ether-light petroleum in prisms, m. p. 80—81°, {),,24 +2° (¢ 1-0 in ethanol), Amax 241 my 
(log « 4-2) (Found: C, 81-6; H, 10-0. C,;H,,O, requires C, 81-5; H, 9:85%). The 2: 4-dinitro- 
phenylhydvazone formed needles (from chloroform—ethanol), m. p. 156—158° (Found: C, 67-8; 
H, 7:0; N, 10-2. C3,HO;N, requires C, 67-9; H, 7-35; N, 10-2%). 

17x-Dec-1'-ynyl-178-hydroxyandrost-4-en-3-one (II; R = octyl), prepared by Oppenauer 
oxidation of the diol (I; R = octyl, R’ = H), separated from acetone—hexane in needles, m. p. 
97—99°, [a),,2° +9° (c 1-05), Amax 241 my (log ¢ 4:17) (Found: C, 81-6; H, 10-5. C,,H,,O, 
requires C, 82-0; H, 10-4%). 

Epoxides derived from 17a-Prop-\'-ynylandrost-5-ene-38 : 178-diol.—The diol (I; R = Me, 
R’ = H) (10 g.) in tetrahydrofuran (150 ml.) was treated with monoperphthalic acid (10 g.) in 
ether (120 ml.), and the mixture kept overnight and then poured into 1% aqueous sodium 
hydroxide (1-5 1.). Most of the ether was removed by aeration, and the solids were collected, 
washed, and fractionated from aqueous ethanol. The 5a: 6a-epoxide formed needles, m. p. 
200—201°, [x),24 —121° (c 0-98) (Found: C, 73-3; H, 9-4. C,,H;,0;,H,O requires C, 72-9; H, 
9-45%). The anhydrous material (Found: C, 76-7; H, 94. C,.H,,O, requires C, 76-7; H, 
9-4%) was obtained after drying in vacuo at 140°. The 58 : 68-epoxide separated in plates, m. p. 
between 180° and 200° depending upon the rate of heating, [2,2 —58° (c 0-78) (Found: C, 72-7; 
H, 9-0. C,,H3,03;,H,O requires C, 72-9; H, 945%). The anhydrous material (Found: C, 
76-9; H, 9-6%) was obtained after drying in vacuo at 140°. 

38-Acetoxy-5a : 6a-epoxy-17a-prop-1’-ynyl-5a-androstan-178-ol separated from chloroform— 
methanol in prisms, m. p. 245—247°, [a],?* —110° (c 1-0) (Found: C, 74-2; H, 8-9. C,,H3,0, 
requires C, 74-6; H, 8-9°%). 

38-A cetoxy-58 : 68-epoxry-17a-prop-1’-ynyl-5a-androstan-178-ol formed needles (from aqueous 
ethanol), m. p. 192—193°, {a],,2* —74° (c 1-02) (Found: C, 74-1; H, 8-9%). 

5a : 6a-Epoxy-38-propionoxy-17x-prop-1'-ynyl-ia-androstan-178-ol crystallised from aqueous 
methanol in needles, m. p. 206—207°, [a],,22 — 104° (c 0-9) (Found: C, 74-8; H, 9-1. C,;H 3,0, 
requires C, 75-0; H, 9-1%). 

58 : 68-Epoxy-38-propionoxy-17«-prop-1’-ynyl-5a-androstan-178-ol separated from aqueous 
methanol in needles, m. p. 158—160°, [a],,* — 52° (c 1-16) (Found: C, 74-8; H, 8-85%). 

17a-But-1’-ynyl-5a : 6a-epoxy-5a-androstane-38 : 178-diol, obtained by oxidation of the diol 
(I; R = Et, R’ = H) with monoperphthalic acid in ether-chloroform, separated from acetone- 
hexane in needles, m. p. 121—123°, {a],,%* —116° (c 0-55) (Found: C, 76-6; H, 9-9. C,,;H,,0, 
requires C, 77-05; H, 9-6%). 

5a: 6a-Epoxy-17Ta-pent-1’-ynyl-5a-androstane-38 : 178-diol, obtained from the diol (I; R = 
Pr, R’ = H), crystallised from acetone—-hexane in needles, m. p. 147—148°, [a],,2* —93° (c 1-03) 
(Found: C, 77-3; H, 10-1. C,,H,,0, requires C, 77-4; H, 9°7°%). 
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68-Methyl-17«-prop-1'-ynyl-5a-androstane-38 : 5a: 17B-triol (IV; KR = Me).—(@) 5a: 6a- 
Epoxy-38-propionoxy-17a-prop-1’-ynyl-5«-androstan-178-ol (5 g.) in benzene (150 ml.) was 
added to a reagent prepared from magnesium (3-4 g.), methyl] iodide (10 ml.), and ether (45 ml.). 
The mixture was stirred, and some solvent (70 ml.) removed by distillation. After being heated 
under reflux for 5 hr., the mixture was cooled and acidified with dilute hydrochloric acid, 
and the organic layer washed neutral. Removal of the solvent gave a solid which was purified 
from ethyl acetate and then from aqueous ethanol. The ¢riol formed needles, m. p. 219—221°, 
[a],22 —63° (c 0-88) (Found: C, 76-7; H, 9-9, C,,3H,,0, requires C, 76-6; H, 10-:1%). The 
compound frequently separated in a solvated (? hydrated) form and melted (with effervescence) 
anywhere between 140° and 200°. The 38-monoacetate separated from acetone—hexane in blades, 
m. p. 185—187°, [a],,2° —57° (c, 0-91) (Found: C, 75-1; H, 9-6. C,,H,,O, requires C, 74-6; H, 9°5%,. 

(b) Phosphorus oxychloride (0-8 ml.) was added to a stirred suspension of 17«-ethynyl-66- 
methyl-5a-androstane-38 : 5a : 178-triol (12 g.) in dry ether (400 ml.) and 2: 3-dihydropyran 
(12 ml.). Dissolution was complete in 30 min. The mixture was set aside overnight, then washed 
with aqueous sodium hydrogen carbonate and water and dried (CaCl, for several hours), and the 
solvent was removed in vacuo. The product, a sticky solid, was used without further purification. 

Ferric nitrate (0-4 g.) and lithium (2-4 g.) were added to liquid ammonia (400 ml.) at — 30° 
to —40°, and the mixture stirred for 30 min. The foregoing sticky solid (10 g.) in a mixture of 
tetrahydrofuran (20 ml.) and ether (80 ml.) was added during 45 min., and, after a further 
2} hours’ stirring, methyl iodide (21 ml.) in ether (100 ml.) was added during 30 min, Stirring 
was continued for a further 3 hr., ammonium chloride (20 g.) was added, and the ammonia 
allowed to evaporate. The product was isolated with ether and heated under reflux for 1 hr. 
with oxalic acid (10 g.) in methanol (100 ml.) and water (10 ml.). Concentration gave crystals 
which were purified from aqueous ethanol. The triol formed needles, identical with a specimen 
prepared by method (a) above. 

17a-But-1’-ynyl-68-methyl-5a-androstane-38 : 5a: 178-iriol (IV; R= Et), prepared from 
17a-but-1’-ynyl-5a : 6a-epoxy-5a-androstane-38 : 178-diol by method (a) above, and from 17a- 
ethyny1-68-methyl-5x-androstane-38 : 5a: 178-triol by method (b) above, crystallised from 
acetone-hexane in dimorphic forms, m. p. 110—112° and 168—170°, respectively, [a], —53° 
(c 0-72) (Found: C, 73-2; H, 10-1. C,,H,,0,,H,O requires C, 73-4; H, 10-3%). The anhydrous 
triol (Found: C, 77-5; H, 10-0. C,,H;,0, requires C, 77-0; H, 10-2%) was obtained after 
drying for several days im vacuo at 50°. The 38-monoacetate crystallised from aqueous methanol 
in needles, m. p. 191—193°, [@J,,2* —63° (c 0-91) (Found: C, 74-2; H, 9-4. C,H, O, requires C, 
74:9; H, 9-7%). 

68-Methyl-17x-pent-1'-ynyl-5a-androsiane-38 : 5a: 176-triol (IV; R= Pr), prepared by 
methods (a) and (b) above, crystallised from acetone—hexane in dimorphic forms, m. p. 92—94° 
and 177—179°, {aJ,,** —47° (c 0-82) (Found: C, 76-7; H, 10-2. C,,H,.O3,}H,O requires C, 75-5; 
H, 10-4%). Satisfactory analyses for anhydrous material could not be obtained even after 
drying for several days im vacuo. Similar difficulties in analogous series have been reported.’ 
The 38-monoacetate crystallised from aqueous methanol in prisms, m. p, 189—191°, [a], —56° 
(c 0-79) (Found: C, 75-1; H, 9-6. C,,H,,O, requires C, 75:3; H, 9-8%). 

5a : 178-Hydroxy-68-methyl-17a-prop-1’-ynyl-5a-androstan-3-one (V; R = Me).—The triol 
(1V; R = Me) (3-4 g.) in pyridine (35 ml.) was added to the complex prepared from chromium 
trioxide (3 g.) and pyridine (30 ml.), and the mixture kept overnightatroomtemperature. Benz- 
ene (250 ml.) was added, insoluble material removed, and the filtrate washed successively with 
water, dilute hydrochloric acid, water, dilute aqueous sodium carbonate, and water. Removal 
of the solvent gave a solid which crystallised from acetone-hexane. The ketone formed needles, 
m. p. 248—250° (decomp.), [aJ,”> —45° (c 0-82) (Found: C, 76-8; H, 9-5. C,,;H,,O, requires 
C, 77:1; H, 9-6%). 

17a-But-1’-ynyl-5« : 178-dihydroxy-68-methyl-5a-androstan-3-one (V; R = Et), prepared by 
similar oxidation of the triol (IV; R = Et), crystallised from aqueous methanol in needles, 
m. p. 225—-227° (decomp.), {aJ,,1* —44-5° (c 0-89) (Found: C, 77-6; H, 9-7. C,,H,,O, requires 
C, 77-4; H, 9-7%). 

5a : 178-Dihydroxy-68-methyl-17a-pent-1’-ynyl-5a-androstan-3-one (V; R = Pr), obtained by 
oxidation of the triol (V; R = Pr), separated from aqueous methanol in flakes, m. p. 180—182°, 
{ai],,2° — 41° (c 0-78) (Found: C, 77-1; H, 9-8. C,;H3,0, requires C, 77-7; H, 9-9%). 

7 Ushakow and Madaeva, J. Gen. Chem., U.S.S.R., 1939, 9, 436; Ringold, Batres, and Rosenkranz, 
J. Org. Chem., 1957, 22, 99; Campbell, Babcock, and Hogg, J. Amer. Chem. Soc., 1958, 80, 4717. 
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178-H ydroxy-6au-methyl-17a-prop-1'-ynylandrost-4-en-3-one (VI; RK = Me).—A _ solution of 
the ketone (V; R = Me) (1-5 g.) in ethanol (45 ml.), to which 4 drops of concentrated hydro- 
chloric acid had been added, was heated under reflux for 1 hr. The mixture was carefully 
diluted with water and kept overnight at 0° to give a solid which crystallised from aqueous 
methanol. 178-Hydroxy-6a-methyl-17a-prop-1’-ynylandrost-4-en-3-one formed plates, m. p. 99— 
102°, [a,2* +12° (¢ 1-0), Amax 241 my (log e 4-16) (Found: C, 77-2; H, 9-6. C,,;H;,0,,H,O 
requires C, 77-1; H, 9-6%). The anhydrous ketone (Found: C, 80-7; H, 9-4. C,3;H;,0, 
requires C, 81-1; H, 9-5°%) was obtained after drying over P,O; for 24 hr. at 50°/l1 mm. Itwas 
hygroscopic. 

17«-But-1’-ynyl-178-hydroxy-6a-methylandrost-4-en-3-one (VI; R = Et), obtained from the 
ketone (V; R = Et) by the foregoing procedure, crystallised from aqueous methanol in blades, 
m. p. 74—76°, {aJ,2* +17° (c 1-02), Amax 241 my (log « 416) (Found: C, 77-7; H, 
9-95. C,,H,,0,,H,O requires C, 77-35; H, 9-75%). The anhydrous ketone (Found: C, 80-8; 
H, 10-1. C,,H,,0, requires C, 81-3; H, 9-7%) was obtained after drying in vacuo at 55°. 

178-Hydroxy-6a-methyl-17a-pent-1'-ynylandrost-4-en-3-one (VI; R = Pr), obtained from the 
ketone (V; R = Pr), crystallised from aqueous methanol in needles, m. p. 83—87°, [{al,,'* 
+ 10-8° (c 0-57), Amax 240-5 mu (log ¢ 4-13) (Found: C, 80-4; H, 9-9. C,,;H,,O0, requires C, 81-5; 
H, 9-85°%). There was insufficient material for further purification. 

3 : 3-Ethylenedioxy-17x-ethynyl-68-methyl-5a-androstane-5« : 178-diol, obtained by the method 
used for the preparation of the ketal (III; R = R’ = H), separated from aqueous methanol 
containing a trace of pyridine, in blades, m. p. 216—217°, [a),,2° —64° (c 1-0) (Found: C, 73-9; 
H, 8-8. C,,H;,0, requires C, 74-0; H, 9-3%). 

3: 3-Ethylenedioxy-17a-ethynyl-68-methyl-178-(tetrahydro -2-pyranyloxy) -5a-androstan -5a-ol 
crystallised from aqueous acetone containing a trace of pyridine, in plates, m. p. 157—158°, 
(a],,*? —66° (c 0-98) (Found: C, 73-6; H, 9-1. C,,H,,O, requires C, 73-7; H, 9-4%). Ethyl- 
ation in liquid ammonia followed by treatment of the product with hot aqueous ethanolic oxalic 
acid gave 17«-but-1’-ynyl-5« : 178-dihydroxy-68-methyl-5«-androstan-3-one (V; R = Et), identi- 
fied by mixed m. p. determination and by conversion into 17«-but-l’-ynyl-178-hydroxy-6«- 
methyl-5«-androst-4-en-3-one (VI; R = Et). 

5a : 178-Dihydroxy-68-methyl-17«-pent-1’-ynyl-5a-androstan-3-one (V; R = Pr).—The ketal 
(III; R= Pr, R’ = C,;H,O) (2-6 g.) in chloroform (75 ml.) was treated for 18 hr. at 0° with 
monoperphthalic acid (1-7 g.) inether (30 ml.). The wax-like product in ether (35 ml.) was added 
to the reagent prepared from magnesium (2-4 g.), methyl iodide (7 ml.), and ether (50 ml.), and 
the mixture was stirred at room temperature for 7 hr. and then set aside overnight. The 
product, isolated with ether as a yellow gum, was heated under reflux ror 1 hr. with oxalic acid 
(1-4 g.) in ethanol (100 ml.) and water (50 ml.). The product in benzene was chromatographed 
on alumina to give the ketone, identical with a specimen prepared by an alternative route (above). 

17a-Ethynyl-6-methyl-38 : 178-bis(tetrahydro-2-pyranyloxy)andvost-5-ene crystallised from ace- 
tone containing a trace of pyridine, in needles, m. p. 178—180°, [a],,2° —122° (c 0-45) (Found: 
C, 77-0; H, 9-5. C,,H,,O, requires C, 77-4; H, 9-7%). 

6-Methyl-17a-prop-1’-ynylandrost-5-ene-38 : 178-diol.—The foregoing compound was methyl- 
ated, to give material which crystallised from acetone in needles, m. p. 161°. Treatment of 
this substance with hot aqueous ethanolic oxalic acid gave the diol, needles (from acetone— 
hexane), m. p. 111—112° or 135—137°, [a),,2° — 103° (c 0-6) (Found: C, 81-0; H, 10-1. C,,H 3,0, 
requires C, 80-65; H, 10-0%). 

178-Hydroxy-6a-methyl-17«-prop-1’-ynylandrost-4-en-3-one (VI; R= Me) (with Mr. M. 
STANSFIELD, A.R.I.C.).—A solution of the foregoing diol (1 g.) in toluene (75 ml.) and cyclo- 
hexanone (15 ml.) was distilled until the distillate became clear. Aluminium isopropoxide 
(1 g.) in toluene (15 ml.) was then added, and the mixture heated under reflux for 2 hr. After 
addition of concentrated aqueous Rochelle salt, the mixture was steam-distilled for several 
hours, and the product isolated with ether. Crystallisation from aqueous methanol gave plates 
of 178-hydroxy-6«-methyl-17«-prop-1’-ynylandrost-4-en-3-one, identical in every respect with 
a sample prepared by the previously described route. 


The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
this work. 
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392. A New Synthetical Route from Indan-1-ones to 3-Oxoindane- 
l-carboxylic Acids. 


By M. DonsBrow. 


In a new approach to substitution in the 3-position of the indan-1-ones, 
3-chloroindene was converted, via its lithium derivative, into 3-chloroindene- 
l-carboxylic acid. From the latter, 3-oxoindane-l-carboxylic acid and 
indane-1l-carboxylic acid were readily obtained. The same sequence applied 
to 5-methoxyindan-l-one, gave 6-methoxyindane-1-carboxylic acid in small 
yield. 3-Bromoindene, prepared by an improved method, failed to give an 
ethylenic Grignard reagent. 


THERE is no direct method of substituting the 3-position of indan-l-one. Although this 
position is relatively unreactive in the keto-form, in the enol it corresponds to the active 
1-position of the indene nucleus and may be sufficiently activated to permit substitution 
under enolising conditions. Indan-l-ones and the related 1l-oxotetralins and aceto- 
phenones are believed to enolise readily under the influence of sodium acetylide and 
Grignard reagents, since many of the normal ketonic reactions fail.? Used in equivalent 
quantity, the reagent would be expected to be destroyed by the enol; a large excess of 
reagent has no significant effect, for sodium acetylide fails to condense with 5-methoxy- 
indan-l-one ! or indan-l-one,? and the product is mainly unchanged ketone. However, 
this does not preclude the possibility of a sodium derivative’s having been formed at the 
reactive methylene position (as in indene), for, since the systems lacked a potential reactant 
for such a derivative, the original ketone would still have been regenerated on acidification. 
The problem is simplified by using, in place of the enol, indene derivatives easily formed 
from and reconverted into indan-l-one, and the reaction was explored through the 
3-halogenoindenes. 
Cl Cl cl 
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The lithium derivative of 3-chloroindene ® was carbonated under conditions which gave 
a high yield of carboxylic acid from indene (it is not certain whether this is the indene-1- 
or -3-carboxylic acid). The acidic product from 3-chloroindene contained at least two 
acids, one of which was 3-chloroindene-l-carboxylic acid (II; R =H); its ultra-violet 
absorption closely resembled that of indene-l(or 3)-carboxylic acid. Hydrolysis of 
3-chloroindene-1l-carboxylic acid with hydrochloric acid gave the known 3-oxoindane-l- 
carboxylic acid® (III; R =H) in quantitative yield. Other hydrolytic reagents were 
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unsatisfactory, 80° sulphuric acid causing partial sulphonation, and alkali causing 
polymerisation. 

Hydrogenation of the 3-chloro-acid yielded indane-l-carboxylic acid (IV; R = H). 

5-Methoxyindan-l-one was similarly converted into 3-chloro-6-methoxyindene (I; 
R = OMe), which, because of its instability, was metallated and carbonated without 
isolation, yielding an amorphous mixture of acids which was hydrogenated, esterified, and 
separated by chromatography. A fraction, recognised as a 5- or 6-methoxyindane (light 
absorption maximum at 283 my), was hydrolysed, giving the known 6-methoxyindane-1- 
carboxylic acid ™ (IV; R= OMe). Traces were also obtained of a high-melting acid 
(pK, 4), probably a nuclear-substituted carboxylic acid. 

An apparently alternative route to indene-3-carboxylic acid is by carboxylation of the 
ethylenic Grignard reagent from 3-bromoindene. Jacobi * reported success but Porter and 
Suter #3 have shown that he was using 2-bromoindene. In the present work, 3-bromo- 
indene was prepared by a modification of the method of von Braun and Ostermayer § in 
improved yield. Its ultraviolet absorption is similar to that of 3-chloroindene, except 
that the low-intensity bands at 279, 285, and 289 my are replaced by a single strong band 
at 287 mu, ¢ 2160. There was no reaction between 3-bromoindene and magnesium, how- 
ever, either under the inverse conditions reported by Jacobi to give a “‘ vigorous ’’ reaction 
or by use of activated magnesium * or the usual variants of the Grignard technique. In 
view of the increased reactivity observed in 3-chloro-6-methoxyindene, it is possible that 
an ethylenic Grignard could be formed from 3-bromo-6-methoxyindene. 


EXPERIMENTAL 


3-Chloroindene-1-carboxylic Acid.—Butyl-lithium (0-04 mole) was prepared by Gilman’s 
method * and filtered off under nitrogen. A solution of 3-chloroindene ® (3-91 g., 0-026 mole; 
b. p. 57—58°/1 mm.) in dry ether (20 ml.) was added dropwise during 10 min. at < —10°. The 
mixture was kept at room temperature for 10 min. and then carbonated and worked up by the 
usual method. The aqueous alkaline solution was separated, washed with ether, slightly 
acidified with dilute sulphuric acid, and extracted with ether. The ether-soluble material, on 
crystallisation from benzene, gave pale brown needles (1 g.), m. p. 181—182° (decomp.) [Found: 
C, 61-5; H, 3-6; Cl, 184%; equiv., 194 (by rapid direct potentiometric titration in 30% 


TABLE 1. Absorption maxima of some indenes and indan-1-ones (solvent: ethanol). 


Amax. Auaz. Ames. Amaz. 
Compound (my) € (my) * € Compound (my) € (my) * € 
Indene 249 9200 279 530 3-Chloro-6-meth- 268 12300 295f 3200 
285f 300 oxyindene 303f 1500 
290f 180 3-Oxoindane-1- 244-5 11300 286 2020 
3-Chloroindene ... 253 9550 279 660 carboxylic acid 291 2120 
285f 290 Indan-l-one......... 244 14400 286 3000 
289f 250 291-5 3100 
3-Bromoindene ... 253 10100 297 2160 
* f = flat. 


alcohol). C,9H,O,Cl requires C, 61-7; H, 3-6; Cl, 18-2%; equiv., 195), Amax, in water contain- 
ing 5% of ethanol 225 and 257 my (¢ 11500 and 4130, respectively). .[Indene-1l(or 3)-carboxylic 
acid, prepared from indene and phenyl or »-butyl-lithium by the above method, had m. p. 
161—162°, Amax, in 0-5N-aqueous sulphuric acid 226 and 265 my (¢ 9600 and 3300, respectively)]. 


10 Linnell, Mathieson, and Modi, J., 1953, 3257. 

11 Askam and Linnell, J., 1954, 4691. 

12 Jacobi, J. prukt. Chem., 1931, 129, 55. 

13 Porter and Suter, J. Amer. Chem. Soc., 1935, 54, 2022. 

4 Gilman and Kirby, Rec. Trav. chim., 1935, 54, 577. 

18 Gilman, Beel, Brannen, Bullock, Dunn, and Miller, ibid., 1949, 71, 1499. 
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Phenyl-lithium, in place of n-butyl-lithium, gave a smaller yield of acids, and the 3-chloro- 
indene-l-carboxylic acid was accompanied by traces of a yellowish-brown amorphous acid, 
m. p. 195°, sparingly soluble in chloroform and benzene, soluble in ethanol. When phenyl- 
lithium was used, the main product, on fractionation, gave (a) a liquid, b. p. 46°/0-2 mm., and 
(o) traces of diphenyl, b. p. 50°/0-2 mm., m. p. 69°. The main liquid had an absorption 
maximum at 253 my, characteristic of the 3-chloroindene system, and contained chlorine. It 
decomposed in a few hours at 15° under nitrogen to a green crystalline mass. The tar was 
removed with boiling benzene and the remainder dissolved in boiling chioroform, from which 
a tangled skein of white fibres, m. p. 350° (decomp.), axially twisted and birefringent, slowly 
separated. 

3-Oxoindane-1-carboxylic Acid.—3-Chloroindene-1-carboxylic acid (0-3 g.) was refluxed with 
hydrochloric acid (10 ml.) for 4hr. The solution was cooled, nearly neutralised, and extracted 
with ether. The extract gave pale yellow plates (0-27 g.), m. p. 114—116°. Crystallisation 
from boiling water gave hydrated 3-oxoindane-1l-carboxylic acid in plates, m. p. 83-5° (lit.,®m. p. 
84°). Stored in a vacuum desiccator (H,SO,), this effloresced to the anhydrous acid, m. p. 
118° (lit.,® m. p. 120°) [Found: equiv., 177 (by semimicro-potentiometric titration). Calc. for 
C,o9H,O,;: equiv., 176). Methyl 3-oxoindane-l-carboxylate 2: 4-dinitrophenylhydrazone was 
prepared by boiling the free acid with Brady’s reagent in methanol for 3 min.; it formed red 
plates, m. p. 232° (from glacial acetic acid) (Mathieson * gives m. p. 232—233°) (Found: C, 55-0; 
H, 3:7; N, 15-2. Calc. for C,,H,,O,N,: C, 55-1; H, 3-8; N, 15-1%). 

When 3-chloroindene-1l-carboxylic acid was heated for 4 hr. at 80° with 80% sulphuric acid, 
cooled, and diluted with water, 50% of starting material was deposited, and the remaining 
product was highly soluble in water and could not be extracted or precipitated. Alkaline 
hydrolysis gave a dark brown non-ketonic acid, m. p. 200° (decomp.), resistant to purification. 

Indane-1-carboxylic acid.—(i) A solution of 3-chloroindene-l-carboxylic acid (0-195 g.) in 
ethanol (10 ml.) was hydrogenated [catalyst, 5% palladised strontium carbonate (0-6 g.)] to 
yield a mixture of the acid and ester, which was hydrolysed with 20% sodium hydroxide. 
Indane-l-carboxylic acid (0-115 g., 71%) was obtained by ether extraction of the acidified 
solution; it had m. p. 56° (from water containing a trace of dilute hydrochloric acid) (lit.,1°m. p. 
55—56°) [Found: equiv., 162 (by potentiometric titration). Calc. for C,gH,,O,: equiv., 162). 
The p-toluidide formed needles, m. p. 162—163° (lit.,4° m. p. 162—163°) (Found: C, 81-0; H, 
6-9; N, 5-5. Calc. for C,,H,,ON: C, 81-3; H, 6-9; N, 5-6%). 

(ii) 3-Oxoindane-1l-carboxylic acid (0-15 g.) was refluxed for 15 hr. with freshly-prepared 
zinc amalgam (0-44 g.) and a 1: 1 mixture of hydrochloric acid and water (1 ml.). The cooled 
mixture yielded indane-l-carboxylic acid (0-1 g.), m. p. and mixed m. p. 56° (from acidified 
water) (Found: equiv., 163). 

3-Chloro-6-methoxyindene.—This was prepared from phosphorus pentachloride (16-6 g.) and 
5-methoxyindan-l-one (12-2 g.) in benzene (150 ml.) by the method used for 3-chloroindene. 
After removal of the benzene and phosphorus oxychloride at 12 mm., the liquid was fractionated, 
yielding (a) 3-chloro-6-methoxyindene (main fraction), b. p. 115—116°/1—2 mm., (b) b. p. 
118—140°/1—2 mm. (containing some unchanged 5-methoxyindan-l-one). The fractions 
solidified and rapidly became tarry, even under nitrogen, and particularly during isolation after 
attempted recrystallisation from ether. Analytical data were obtained on samples from the 
first fraction, freshly recrystallised from ether, dried quickly by aspiration with nitrogen and 
weighed into tared flasks containing ethanol [Found (by hydrolysis with 50% sulphuric acid, 
partial neutralisation, and potentiometric titration with silver nitrate): Cl, 19-4. Calc. for 
C,>H,OC1: Cl, 19-6%)]. 5-Methoxyindan-l-one was recovered from the hydrolysate. The 
ultraviolet absorption, determined on ethanol solutions similarly prepared (Table 1), readily 
distinguished the chloromethoxyindene from 5-methoxyindan-l-one, which has additional 
characteristic peaks at 287-5 and 294-5 mu. 

Subsequent preparations were conducted under a stream of dry nitrogen, which was led 
into a series of potash traps, the contents of which were periodically analysed for chloride 
content. Evolution of hydrogen chloride was complete, and 95% of theory, after 6 hr. After 
removal of the benzene and by-products under nitrogen, the absence of 5-methoxyindan-l-one 
was shown spectrophotometrically, and the chlorine content of a sample checked by reduction 
with sodium in alcohol and argentometric titration. 


16 Mathieson, personal communication. 
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6-Methoxyindane-1-carboxylic Acid.—Crude 3-chloro-6-methoxyindene (4-51 g., 0-025 mole), 
prepared as above, was dissolved in 1 : 1 benzene-ether and treated with a solution of n-butyl- 
lithium (0-03 mole) at 15°. The solution was carbonated immediately. The crude acid 
(1-2 g.) yielded pale brown needles (0-2 g.), m. p. 170° (decomp.) (Kofler block), from benzene 
(Found: Cl, 15-6% (by hydrolysis and potentiometric titration with silver nitrate); equiv., 231 
(by hydrolysis). C,,H,O,Cl requires Cl, 15-8%; equiv., 225]. 

The crude chloro-acids (0-7 g.) were hydrogenated (5% palladised strontium carbonate) 
in ethanol, and gave a partially esterified product. The separated ester (0-23 g.) had 
the ultraviolet absorption of a 5- or 6-methoxyindane (Apax 283 mu, ¢ 3200, calc. as C,3H,,03). 
The free acids were esterified with diazomethane, dissolved in the minimum of benzene, and a 
solution in light petroleum separated on alumina, from which the indane fraction (0-2 g.) was 
eluted with light petroleum. The combined indane fractions were hydrolysed by boiling 20% 
hydrochloric acid, giving a near-quantitative yield of 6-methoxyindane-1-carboxylic acid, m. p. 
109-5—110° (from boiling water) (Found: C, 68-5; H, 6-4%; equiv., 195. Calc. for C,,H,,O;: 
C, 68:7; H, 63%; equiv., 192). A mixture with a sample prepared by Dr. V. Askam by 
Clemmensen reduction of 6-methoxy-3-oxoindane-l-carboxylic acid 14 had the same m. p. 

Several amorphous non-volatile fractions were obtained on elution of the alumina column 
with benzene and benzene-ethanol. On hydrolysis the largest fraction gave an acid, traces of 
which crystallised from benzene (Found: equiv., approx. 155); it had pK, 4 (approx.) in 30% 
ethanol and gave a brown precipitate with ferric chloride solution. 

3-Bromoindene.—To a stirred suspension of phosphorus pentabromide (46-2 g., 0-106 mole) 
in benzene (50 ml.) was added a solution of indan-l-one (13-2 g., 0-1 mole) in benzene (25 ml.) 
followed by benzene (10 ml.), the temperature being kept below 5°. The solution was stirred 
for 2 hr. at 5° and the bulk of the hydrogen bromide removed at 20°/12 mm. The benzene 
solution was added to crushed ice (500 g.) and the benzene was separated immediately upon 
liquefaction, washed with ice-cooled water, 5°, sodium hydrogen carbonate solution, and water, 
and dried (Na,SO,). Evaporation and storage over solid carbon dioxide gave pale brown 
crystals (5-4 g.) of 3-bromoindene. The residual liquid gave two fractions (a) b. p. 120—130°/1— 
2 mm. (indan-l-one) and (b) b. p. >140°/1—2 mm. (mainly 3-bromoindene). The yield of 
3-bromoindene was 6-8 g. (35%); the yield from the method of von Braun and Ostermayer ® 
was 10%. Recrystallised from ether—light petroleum (b. p. 40—60°) 3-bromoindene formed 
pale yellow prisms (5 g.), m. p. 37° (lit.,8 m. p. 42°) (Found: C, 55-5; H, 3-6; Br, 40-5. Calc. 
for C,H,Br: C, 55-4; H, 3-6; Br, 41-0%). When refluxed with hydrochloric acid for 6 hr., 
3-bromoindene yielded indan-l-one, m. p. and mixed m. p. 42°. 

When the reaction mixture was kept for some time before being worked up, the yield of 
3-bromoindene was lower and there was also formed a dibromide, m. p. 174° (Found: Br, 56-8. 
C,H,Br, requires Br, 58-0°,). 


Some of the microanalyses were carried out in the microanalytical laboratory (Mr. Crouch) 
of the University of London School of Pharmacy. I thank Professor W. H. Linnell for 
his interest. 


CHELSEA SCHOOL OF PHARMACY, CHELSEA COLLEGE OF SCIENCE AND TECHNOLOGY, 
MANRESA Roap, Lonpon, $.W.3. [Received, September 22nd, 1958.] 
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393. The Effect of Deuteration on Electron Distribution and Energy of 
Conjugated Molecules. Part I. LCAO-MO Treatment of Toluene. 
By R. Pauncz and E. A. HALEVI. 


The LCAO-MO treatment of toluene is reconsidered, with inclusion of 
inductive effects, preliminary to a consideration of the effect of deuteration 
in the side chain on energy and electron distribution (Part II). It is shown 
that the two approximations commonly employed yield substantially the 
same trends. The net charge migration into the ring depends only on the 
relative electronegativity assumed between the methyl-carbon and the 
hydrogen atoms, whereas the charge distribution within the ring depends 
only on the inductive transmission coefficient (<). Increasing either of these 
quantities increases the dipole moment, raises the total z-electron energy 
(destabilisation), but increases the delocalisation energy (stabilisation), so 
that a more precise definition of ‘“‘ hyperconjugative stabilisation,’’ as 
generally correlated with hyperconjugative electron release, is called for. 


THE object of this series of papers is to discuss the effect of deuteration on the properties 
of conjugated molecules in the ground state. The need for such an investigation arose 
from consideration of recent work on secondary isotope effects. These effects, first 
demonstrated in kinetic studies of solvolysis,? have been interpreted in terms of zero- 
point energy differences arising from configurational changes between the ground and the 
transition state. On the other hand it has been shown that polarity differences between 
isotopic species of the same molecule can be correlated with the slightly different configur- 
ations in the ground state that arise because of the anharmonicity of the lowest vibrational 
levels.4 Differences in the acid‘ dissociation constants of methyl- and methylene- 
deuterated aliphatic acids, which strongly suggest differential inductive effects, are most 
simply explained on this basis.5 

In attempting to discuss these effects from a theoretical point of view, it seemed advis- 
able to begin with a study of side-chain deuteration in aromatic systems, since the 
theoretical methods of LCAO-MO are particularly well adapted to investigations of the 
properties of conjugated molecules in the ground state and to the study of reactivity, also 
since experimental work on secondary isotope effects in aromatic substitution is now under 
way in several laboratories.®? 

Since it is expected that the predicted effects will be very small, it is necessary to 
ascertain that such calculated differences are not inherent in the approximations made in 
the particular method of calculation; so the present paper is devoted to a reconsideration 
of the toluene problem including the inductive effect of the methyl group. The specific 
effects of isotopic substitution in the toluene side chain are taken up in the following paper. 

Method of Calculation.—Previous investigations of toluene ®* have been related to the 
general study of hyperconjugation on the basis of the LCAO-MO method. In these treat- 
ments the H, “ pseudo-heteroatom ”’ is assigned a group orbital of #, symmetry strongly 
overlapping with the #, orbital of the methyl-carbon atom which is obtained by resolving 
the three sf orbitals directed towards the hydrogen atoms into components symmetric and 
antisymmetric with regard to the plane of the aromatic ring. Factors that have been 
taken into account differently by various investigators are overlap and the electropositivity 

1 Lewis ef al., J. Amer. Chem. Soc., 1952, 74, 6306, and later papers. 

* Shiner et al., ibid., 1953, 75, 2925 and later papers. 

Bell and Coop, Trans. Faraday Soc., 1938, 34, 1209. 

* Halevi, ibid., 1958, 54, 1441. 

5 Halevi and Nussim, Bull. Res. Council, Israel, 1956, 5, A, 263; results presented before the 16th 
Internat. Congr. Pure Appl. Chem., Paris, July, 1957; Halevi, Tetrahedron, 1957, 1, 174. 

® Swain, Knee, and Kresge, J]. Amer. Chem. Soc., 1957, 79, 505. 

7 Halevi and Ron, unpublished work. 


§ Coulson and Crawford, J., 1953, 2052; Crawford, ibid., p. 2058. 
® I’Haya, Bull. Chem. Soc. Japan, 1955, 28, 369, 376. 


we 








1968 Pauncz and Halevi: The Effect of 


differences assigned to the various orbitals. The molecular orbitals being written as usual, 
dy = > xy¢;; then if overlap between adjacent atoms is included the secular equations are: 


Sely—ESyp=O. . . 2. 2. 1 2 se s 
We use the accepted notation: 
a; = Hy = [oirtecde 
Si = =| $i* pj dv 
yy = Hy = [6 Hg; do 


The secular determinant has been treated in two ways: 
(a) Wheland’s approximation.” yj is assumed to be proportional to Sy: 


) :, 
which are taken as equal to zero for non-adjacent atoms. 


valve SyofSom= Oy. se te lel el le 6) 
where yp is the resonance integral between adjacent atoms in benzene and S, is the corre- 
sponding overlap integral (generally taken to be 0-25). When «, is written for the standard 
coulomb integral of a carbon 2/, orbital, a new quantity, 85, is introduced, defined as: 

Baom@gyge— Supe 6 cs st te te ee ew F&F 


and electronegativity differences are taken into account by assuming changes in the 
coulomb integrals, according to: 
@a=ra+s8f,........ . Ss 


One-electron energies being expressed in the form: 


Bmano—-Hh. - »- © «© © © © «© « & 
the secular equations take the form: 
x(3; + t) + Sx; pj (1 + 7S_) = se eae & = 
IF i 
Further defining k = 2/(1 + Sz) (7) 
and 2: = 1 — S,3; ot & a es e & «@ 


we can put the secular equations into the particularly convenient form: 
xi(5ik + i dies = 0 ew ee te ae 


The unknown, k, now appears only in the diagonal elements of the secular 
determinant. 

This is essentially the method employed by Coulson and Crawford § in their 
treatment of toluene. Introducing the notation (A), they used the rounded 
values 4, = 2-5, g9, = 0-7, and for all the remaining adjacent orbital pairs 
assumed py = 1. To account for the greater electropositivity of the methyl 
group, they assumed the values: 





8, = —0°5 3, = —0-1 &, = 38, = 8 = § = 


(b) Mudliken’s approximation." By introducing the quantity, @;;, defined as 
Pu= ry —Syluta) 2. we Bal 
and assuming proportionality between 8, and S;;: 


By/Bg = Sg/Sg=ey - - «© »~ «© « «© « (2a) 


10 Wheland, J. Amer. Chem. Soc., 1942, 64, 900. 
11 Mulliken, J. Chim. phys., 1949, 46, 497 
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and retaining (4) and (5), we put the secular equations into the form: 


x(t + 8) + Sxjeg{l + S(t + 38+ S)}=O . . «. . (6a) 
JF 


Equation (6a) cannot be reduced to a form analogous to (9) unless the coulomb integrals for 
all atoms are assumed to be equal, in which case the two approximations are identical. 

This is essentially the method employed by I’Haya ® in his treatment of toluene. He 
used the same values of py as Coulson and Crawford did, but on the basis of theoretical 
considerations ™ took: 


£=-08 &=-O1 &=—---&=—0 


It will be noted that neither of these approximations allows explicitly for the trans- 
mission of an inductive effect beyond atom 3. The ability to deal with an inductive effect 
is essential for our purposes, so we introduce the parameter e (<1) defined as: 


8; =— 3j-1 


which expresses the damping of induced electropositivity through a chain of carbon 
atoms }% and prescribes all the values of 8; once 8, and ¢ have been fixed. 

The effect of varying the essential parameters and of using alternative methods of 
approximation will now be discussed. This will be done separately for the electron 
distribution and for the energy. 


Fic. 1. (8, = —0-5.) 
Ha 0-0794 Hs 0-0795 Hs 0:0749 Hs 0:0673 
C -0-0708 C -0-0709 C -0-0663 C -0-0587 
0-0038 0-0102 0-0132 0-0189 
-0-0046 -0-0060 - 0-006! -0-0053 
- 0-0002 = 0-0006 -0-0015 - 0-004! 
-0-0035 -0-0054 -0°0065 -0-0086 
a b c d 
(Coulson- 
Crawford) ¢= 1/5 e= 1/4 ¢= 1/3 
Dipole moment (D)... 0-276 0-328 0-353 0-415 
Net charge migration 
| er 0-0085 0-0084 0-0085 0-0085 


Electron Distribution. The Réle of ¢ and 8,.—Let us first consider the effect on electron 
distribution of varying the coefficient of inductive transmission, «. Coulson and Crawford 
assumed e to be zero within the ring. Using their method and the value 3, = —0-5 we 
have calculated the charge distribution for « = 3, }, and 4. To simplify the calculations 
the inductive effect was assumed to be carried as far as atom 5 (the meta-position) so that 
8, = 8, = 0. As will appear below, it was necessary to take 3, 4 0, but the further 
refinement 8; + 0 is of minor importance. 

The results are shown in Fig. la—d. We can see that although the dipole moment 
increases with increasing ¢, this is due entirely to increasing charge separation in the 
benzene ring as there is no net increase in charge transmitted from the methyl group. 
Thus if the value of 8, is fixed, the correct value of « depends on what we take to be the 
correct values for the dipole moment and charge distribution in the ring. On the other 
hand, if we compare the results of calculations made by using the same inductive trans- 
mission but different values of the electropositivities (3,) (Fig. 2) we see that, although the 
dipole moment and net charge migration differ appreciably, the o : m : p net charge ratios 

12 T’Haya, J. Chem. Phys., 1955, 28, 1165. 


13 (a) Branch and Calvin, ‘‘ The Theory of Organic Chemistry,”’ p. 203, Prentice Hall, New York, 
1941; (b) Dewar, J., 1949, 463; (c) Jaffe, J. Chem. Phys., 19562, 20, 279, 778; 1953, 21, 415. 
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(given in parentheses in Fig. 2) are substantially the same. This means that the 
correct choice of e depends solely on what we consider to be a reasonable charge distribution 
among the ring positions. 

The net activation of the meta-position in toluene relative to benzene is well established. 
If this can be taken as an indication of net charge migration to the position in the ground 
state it requires that « be not equal to zero. (It also requires, as noted above, that the 
difference of 8, from zero be not neglected.) A choice between the alternative values of « 
requires a quantitative estimate of ground-state electron distribution which is not directly 
derivable from the chemical evidence. The ratio of the “‘ partial rate factors ’’ of the para- 
(or ortho) to the meta-position depends strongly on the electronic requirements of the 
transition state. Thus for example, the ratio is much less for bromination with a charged 
bromine cation than for that with a neutral bromine molecule.4* Even reactions with 


Fic. 2. (¢ = 1/3.) 


H; 00-0673 H, 00-0610 Hs 0-0415 
C -0-0587 C -=0-0533 C -0-0364 
0-0189 0-0170 0-0115 
-0-0053 - 0-0047 — 0-0032 
(1-3) (1-2) (13) 
- 0-004! - 0-0038 - 0-0025 
(1) (1) 
— 0-0086(2-1) =~ 0-0077(2-0) - 0-0052(2-1) 
a b c 
8, = —0-5 —0-45 —0-3 
Dipole moment (D) ............ 0-415 0-372 0-252 
Net charge migration to ring 0-0085 0-0077 0-0051 


positively charged reagents, which should be better indicators of relative charge 
distribution, depend considerably on polarisability effects. For example, stabilisation of 
triphenylmethyl cations by a methyl group is more effective from the para- than from the 
meta-positions, but comparatively less so than in nitration or Br* bromination.% Even 
here some contribution to stabilisation of the carbonium ion, perhaps the major one, from 
the para-position must come from delocalisation arising from the strong electron demand 
of the positive centre, and would tend to exaggerate the differences in ground-state 
distribution in the neutral toluene molecule. The question of the o : p net charge ratio is 
complicated by steric effects in one direction and possible contributions of polarisability 
directly through space (direct field effects) in the other. 


Fic. 3. (¢ = 1/3.) 
Hy 0-0738 Ha 0-0663 Hs 0-0441 
C -0-0638 C <-0-0574 C -0-0384 
0-0186 0-0166 0-0112 
-0-0057 -0-0050 - 0-0034 
(1-3) (1-3) (1-4) 
- 0-0042 - 06-0038 -0-0025 
(1) (1) (1) 
= 0-0089(2-1) -0-0080(2-1) - 0-0052(2-1) 
a b e 
; 8, = —05 —0-45 —0-3 
Dipole moment (D) ............ 0-444 0-399 0-263 
Net charge migration ......... 0-0100 0-0090 0-0057 


All in all it seems that any choice of e between say } and } would be equally acceptable. 
In what follows we have arbitrarily adopted a value of ¢ = }, as originally suggested and 
confirmed on the basis of evidence from other systems." 


1 de la Mare and Harvey, J., 1956, 36. 
18 Lichtin and Bartlett, J. Amer. Chem. Soc., 1951, 78, 5530. 











he 


on 


nd 
he 
‘ly 
a- 
he 
ed 
th 








'1959 Deuteration on Electron Distribution, etc. Part I. 1971 


Comparison of the Methods.—In order to see to what extent conclusions regard- 
ing the electron distribution, dipole moment, and net charge migration depend 
on the method of calculation adopted, we can compare the results previously 
obtained with «= 4 by Wheland’s approximation with the results of calcul- 
ations based on Mulliken’s approximation with the same values of the parameters (Fig. 3). 
It will be noted that the o : m : p ratio is virtually unaltered in all cases, so that apparently 
the choice of ¢ does not depend on the method. Moreover a comparison of the two sets 
(Figs. 2 and 3) shows that quite good agreement is obtained in the values of the charge 
distribution, net charge migration, and dipole moment obtained by the two methods for 
the various values of 8,.* It appears therefore that any conclusions drawn about the 
variation of these quantities with the essential parameters would not depend upon the 
particular method employed. 

There finally remains at our disposal a choice of a reasonable value for 8,, the electro- 
positivity parameter of the H, group. It has generally been chosen to yield a value of 
the dipole moment in the neighbourhood of 0-4 D, the experimental value. Most of the 
values given above approximate to this. It should be remembered that the total dipole 
moment of toluene is not necessarily a purely x-electron moment. First, polarisation of 
the o-bonds, implicitly taken into consideration in assuming non-zero values of the various 
8;'s, is ignored in calculating the total dipole moment. Secondly, corrections for self- 
consistency have not been made. Thirdly, it is implicitly assumed that the resultant of 
the para-C-H bond moment and the “‘ bond moments ”’ of the two remaining “ bonds ”’ for 
the H, pseudo-atom with the group orbital (a + 6 + c) cancel exactly. Since the C-H 
bond moments are assumed to be of the order of 0-4 D and to vary with bond type, this 
too may introduce an error. It-appears, therefore, that exact agreement with the experi- 
mental value of the dipole moment should not be taken too seriously as a criterion for the 
proper choice of the parameters, particularly 3). 

In what follows we have adopted the value —0-45 for 3,, a value which seems reasonable 
on the basis of the considerations given above. 

Energetic Relations.—General considerations. The essential energetic quantities that 
are generally calculated directly from a given set of parameters are: The total x-electron 
energy (Emop); the localised x-electron energy (Ejo-), calculated with the same parameters 
but by assuming localised bonds; the delocalisation energy (Ede = Emon — Ejoc). The 
usual measure of the additional stabilisation afforded by the methyl group is the hyper- 
conjugation energy [Enyp = Eger" — Ege]. In order to bring these quantities 
into relation with thermochemically measured energy differences, additional quantities 
have had to be taken into consideration. First, differences in the o-electron energy 
resulting from the lengthening or shortening of the bonds compared with the standard 
double and single bonds were accounted for in terms of compression energy (C). Secondly, 
since even the aliphatic reference molecules are not ideal, in the sense that they undergo 
some delocalisation, account must also be taken of third-order conjugation energy. 

The present investigation is not concerned with choosing the best parameters to fit 
thermochemical data, but rather with the effect of varying these parameters on the 
energetic relations. Moreover, compression energies and third-order conjugation energies 
depend essentially on bond length, and in our calculations bond lengths have been kept 
constant, so that these quantities also remain constant throughout. (We shall be consider- 
ing explicitly the effect of variation of the C-H bond length in the following paper but this 
is irrelevant to the present discussion.) 

Even when account is taken of the slight changes in bond lengths that occur when the 
bond lengths initially assumed are corrected to correspond to the calculated bond orders, 
the widest variation of bond length encountered in this series of calculations is of the order 
of 0-002 A and the corresponding energetic corrections differ by no more than 0-001 8, per 


* E.g., the decrease of 5, from —0-45 to —0-3 decreases the dipole moment and the net charge 
migration in about the same ratio of 1 to 1-5. 
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bond, and, summed over the molecule, are negligible in comparison with the other energetic 
differences. This means that in what follows we can safely restrict ourselves to the vari- 
ation of the directly calculable quantities, Emon and Ej, and to their difference Ea). 
(Enyp will of course differ from E4,; by the delocalisation energy of benzene.) 

The Réle of « and 8.—The relevant energetic quantities calculated by using Wheland’s 
approximation are given in Table 1 (in units of @,). It can be seen that increasing the 
electropositivity of the H, pseudo-atom (—8,) leads to a very great reduction in the absolute 
values of both the total and localised x-electron energies, but to a smaller increase in the 
delocalisation energy. Thus increasing the charge migration to the ring (—3,) leads, as 
one might expect, to an increase in the hyperconjugation energy, but at the same time 
raises the total x-electron energy to a very much greater extent. 

It can also be seen that increasing the value of e, which is related to charge separation 
within the ring, while holding 8, constant, operates in the same direction. However, as 
Coulson has pointed out,!® this procedure amounts to altering the average coulomb integral 
and hence the net attraction of the nuclei for electrons. A comparison of columns 3 (8, = 
—0-5; ¢ = }) and 5 (8, = —0-45; « = 4), in which the mean coulomb term is approxi- 
mately the same, shows that the effect of varying « while keeping the mean coulomb term 
constant is very much smaller. 





TABLE l. 

+o ae 8, = —05 $,= 0-45 8, = —03 

—— on M———$— mony e= 1/3 

6, = 5, = 0 e= 1/5 ¢= 1/4 im staniesesinesittl lbitaneelanteneistibtitiinamsnecnit 
Bey om Gat ccccessis 8-6103 8-5894 8-5584 8-4963 8-5418 8-6816 
a ee 7-5226 7-5003 7-4680 7-4032 7-4492 7-5904 
GE eutaavanacsotuessa 1-0877 1-0891 1-0904 1-0931 1-0926 1-0912 
ers 0-0211 0-0224 0-0237 0-0264 0-0260 0-0246 


(1)* (2) (3) (4) (5) (6) 
* Coulson and Crawford.® f Ege) = 1-06668,. 


Since e, whatever its true value, is a fixed parameter of the system that will not change 
with deuteration, the effect of its variation upon the energy will not concern us further. 
However, hyperconjugative electron-release from alkyl groups to an aromatic ring must 
arise from an electronegativity difference between the a-carbon atom and the hydrogen 
atoms bonded to it. The effective electronegativity of the carbon atom can be altered by 
substitution on it, and that of the hydrogen atoms by isotopic substitution, so that the 
effect of varying their difference acquires real significance. ‘‘ Hyperconjugative stabilis- 
ation ’’ is generally thought to parallel hyperconjugative electron release. It is now clear 
that this parallelism depends on just how “‘ hyperconjugative stabilisation ”’ is defined. 

In principle the changes in o-bond energies due to alteration of the electronegativity 
parameters should also be taken into account, as should have been the o-dipole moments 
in the previous discussion.” This neglect is particularly unfortunate, since induction 
presumably operates through the o-skeleton. However, we see no simple way of dealing 
with these factors. 


TABLE 2. 
e= 1/3 6, = —0°5 —0-45 — 0-30 0 
Bats 9 GR. ccsccnccostavescestosvcs 8-2207 8-2934 85158 8-9665 
DG TINS Sscucctsnntustoneniacsbin 7:1292 7-2022 7-4256 7-8769 
MRE, SGtaninnekhncevuas heckcaxsenert ons . 10915 1-0912 1-0902 1-0896 
iiitinctieihicicidias sha tiletednbdindnacntinddeles 0-0249 0-0245 0-0236 0-0229 


Comparison of the Methods.—In Table 2, we have the energetic quantities derived on 
the basis of Mulliken’s approximation, at each of three values of the parameter 8, and 


16 Coulson, personal communication. 
1” Craig, personal communication. 








re 
Wl 


at 
ca 


_— 


a a a ee | 











1959) Deuteration on Electron Distribution, etc. Part I. 1973 


fixed value of ¢ (4). They are to be compared with columns (4), (5), and (6) of Table 1. 
The limiting case 8, = 0 (in which case the two methods become equivalent) is given too. 
From the comparison we see that the same trends are obtained with both methods with 
regard to all the energetic quantities. The values themselves are all somewhat larger 
when derived from a given value of 8, by Wheland’s method than by Mulliken’s approxim- 
ation. (The differences, of course, decrease with decreasing 8, to zero at 8, = 0.) This 
can be contrasted with what we have seen regarding the charge distribution where the 
state of affairs was reversed, a greater value of net charge being always predicted on the 
basis of Mulliken’s approximation (other things being equal) than on the basis of Wheland’s 
method. 

Excitation Energies.—In view of the common correlation of the electron-donating power 
of substituents with shifts in the electronic absorption spectra of aromatic molecules, it was 
of interest to investigate the effect of varying the inductive parameters, particularly 8,, on 
the energies of the various transitions. We restricted our considerations to the 2600 A 
region. Four transitions yield values in this region. These are * 4—» 5 and 3 —» 6 
both polarised along the long axis, and 4 —» 6 and 3 —» 5 both polarised transversely to 
this axis. 

In Table 3, values of the corresponding transition energies are given (in units of 84) for 


both methods, a constant value of ¢ (e = 4) and varying values of 8, being used. 
TABLE 3. 
Wheland Mulliken 

Transition Polarisation §,= —0-5 —0-45 —0-3 —0-5 —0-45 —0-3 0 
4——»5 Long. 2-0774 2-0763 2-0724 2-0539 2-0557 2-0595 2-0619 
3 —> 6 - 2-1383 2+1379 2-1364 2-1334 2-1334 2-1334 2-1333 
4—.6 = Transv. 2-0926 2-0852 2-1020 2-0761 2-0811 2-0938 2-1142 
3 5S oo 2-1231 2-1190 2-1068 2-1112 2-1080 2-0996 2-0811 


The 2600 A absorption has been sometimes regarded as corresponding simply to the 
lowest transition 4—-» 5. We can see that the energy of this transition depends on 3,, 
but this dependence is different in the two approximations, approaching the value for 
3, = 0 in one case from above and in the other from below. Moreover, if the two transverse 
transitions are considered, they are seen to lie quite close together. Their spacing depends 
on 8,, both methods predicting that they should cross at a value of —8, somewhat below 
0-3. Clearly we must expect very strong interaction between these levels, perhaps strong 
enough to depress the lower-lying component below the energy of the 4 — 5 transition. 
Since transitions 4 —» 5 and 3 —» 6 are not as close together as 4 —» 6 and 3 —» 5 
they would be assumed to interact to a smaller extent. 

All these considerations tend to render any conclusions based on spectral shifts in this 
system very doubtful. 

General Conclusions.—It should first be noted that the interplay between hyper- 
conjugative and inductive effects, represented here by the parameters 8 and ¢, are rather 
more subtle than generally realised. The concept of “ hyperconjugative stabilisation ” 
requires careful definition, particularly when it is correlated with ‘‘ hyperconjugative 
electron release ”’ as is often done in kinetic discussions. 

The introduction of the parameter ¢ into the calculations was essential in order to obtain 
a reasonable charge distribution among the ring-carbon atoms. However, since the true 
ground-state charge distribution in toluene is still in some doubt, the correct value to 
assume for e must also remain open. However, it is clear that any choice of ¢ in the range 
t—} would not affect any of our conclusions significantly. 

In the following paper we shall be concerned with the effects of small changes in some 
of the molecular parameters on the electron distribution and the various energetic 


* The molecular orbitals are numbered in order of increasing energy. This numbering should not be 
confused with the numbering of the atoms. 
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quantities. From the comparison of the results obtained with alternative method of 
calculation, it appears that the predictions regarding these effects will be essentially 
independent of the method used. 


We are greatly indebted to Professors C. A. Coulson, F.R.S., and D. P. Craig for critically 
reading the manuscript of this and the following paper, and for many valuable comments. 
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394. The Effect of Deuteration on Electron Distribution and Energy of 
Conjugated Molecules. Part 1I1.* LCAO-MO Treatment of [«-*Hs3]|- 
Toluene. 

By E. A. HALEvi and R. Pauncz. 


The LCAO-MO treatment of toluene (Part I) is extended to [x-*H,]toluene, 
which is assumed to differ from the parent molecule by virtue of a slightly 
different mean configuration of the methyl group. Increased H,-C overlap 
in the deuterated molecule lowers the total z-electron energy, but very slightly 
decreases the hyperconjugation energy and electron-release to the ring. 
Increased H~---+-H non-bonding interactions have the opposite effect, the 
changes in the energetic quantities being of the same order of magnitude but 
the increased electron-release considerably greater. The change in hybridis- 
ation of the methyl-carbon atom appears to have a smaller effect in the same 
direction. 


THE object of this paper is to consider possible differences in ground-state properties 
between [«-*H,]toluene and the normal toluene molecule on the basis of the LCAO-MO 
treatment, as discussed in Part I.* Our premise is that dissimilarities between these two 
molecules can only arise by virtue of a difference in the mean configuration of the methyl 
group. This, in turn, is assumed to result from the anharmonicity of the “ zero-point ”’ 
vibrational levels in the symmetrical stretching and bending modes. 

The effect of these configurational differences on the ground-state properties calculated 
according to the above scheme can be reflected in the following three ways: (1) There is a 
difference in the overlap integral S,,,t which depends on both bond length and bond angle. 
(2) The change in H - - - H distance alters the non-bonding interactions and so affects the 
effective electropositivity of the H, group. (3) The change in bond angle results in a 
corresponding hybridisation change. 

The configurational differences will be discussed first, and their effects on the para- 
meters and through them on the molecular properties will then be taken up. 

Configurational Differences.—In order to get the best fit between the rotational con- 
stants and molecular dimensions of several isotopic species of the methyl halides, it was 
necessary to assume that the C-H bond length is 0-005—0-009 A shorter, and the HCH 
angle is 12—15’ larger in the trideuterated species than in the normal molecules.4? Since 
these differences are similar throughout the series CH,F—CH,I, they must be relatively 
insensitive to the size and electronegativity of the atom bonded to the central carbon atom, 
so that similar configurational differences may be expected in the methyl group of toluene. 

Values of the parameters derived from rotational data are not quite the same as the 
corresponding mean values, but it is possible to arrive at an independent estimate of the 
differences in mean bond length and bond angle on the basis of the harmonic frequencies 





* Part I, preceding paper. 
¢ For the definition of this and other symbols, see Part I. 
1 


Miller, Aamodt, Dousmanis, Townes, and Kraitchman, J. Chem. Phys., 1952, 20, 1112. 
* Andersen, Bak, and Brodersen, ibid., 1956, 24, 989. 
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and anharmonicity constants of the symmetrical stretching and bending modes which 
are treated as if they were completely independent.® 

By using Hansen and Dennison’s data * for ethane, as representative o fa methyl group 
bonded to carbon, the following values are obtained: 


7ou — Top = 0-0027 A 
yHOH — Xvop = 17-4’ = 0-0051 radian 


It is evident from the shape of the Morse curve that the mean length of a C-D bond is 
less than that of a C-H bond. Since the approximate method employed has been shown 
in the case of diatomic molecules to yield mean-bond-length differences that are consistently 
about two-thirds of the accurate value, it is reasonable to take (7c — 7cp) = 0-004 A, 
in fair agreement with the rotational value. The absolute value of the mean-bond-angle 
difference calculated is also in reasonable agreement with the spectroscopic results. In 
order to achieve agreement with experiment in sign as well (ypcp > xu0n), it must be 
assumed that bringing the three hydrogen atoms closer to each other raises the potential 
energy less steeply than moving them towards the adjacent carbon atom by a similar 
change in angle.* 

On the basis of these considerations we shall in what follows assume the variation to be 
in the range: 

(7cux — Fev) = 0-004—0-009 A 
(xnop — Yuen) = 0-003,—0-005 radian 


Change in Overlap.—The numbering scheme of Part I, which begins with the H, pseudo- 
atom, will be used. The overlap integral between the Hy, group orbital possessing 2- 
symmetry and the 2/, orbital of the methyl-carbon atom is given by: ® 
1 


V1l—s 





Sig = 2 (sin 5) S (1) 
in which S = S(1s, 260); s = s(1s, 1s). 

Denoting 7oq by 7 and 7q...4 by /(= 2r sin 7/2) we get for a differential change in Sj, 
with bond length and angle: 


cos 
Ges ao... «+. Y y 
G32 (42 1 fan % teal ont 4. ) 
_ t  . fsin j)ar (cosee 2 jr) dy (2) 
where f = — ~* 4 


The Is-ls and 1s-—2fo overlap integrals are standard integrals. ‘They are, in their 
explicit forms (in atomic units) 


suhapl-OP- M4 «ok eb we ee ee & 
. 85/2 


S = {4z exp (— 7)[wr? — 6r — 6) + exp (— 2r)[w*v? + 82z(wr? + 32zr + 3))} (4) 


* Professor C. A. Coulson, in a personal communication, has questioned the applicability to toluene 
of bond-angle changes taken from methyl groups in aliphatic compounds. A better model would cer- 
tainly be a molecule in which the methyl group is bonded to an unsaturated carbon atom. The avail- 
able rotational data (see Table IV in Laurie, /. Chem. Phys., 1958, 28, 706) indicate that here too Ay is 
positive and of the same order of magnitude as in the methyl halides, but whether larger (CH,*-C=CCl) or 
smaller (CH,-CN; CH,°C=CH) is not certain. 

* Halevi, Trans. Faraday Soc., 1958, 54, 1441. 

* Hansen and Dennison, J. Chem. Phys., 1952, 20, 313. 

° See, e.g., Lofthus, J. Amer. Chem. Soc., 1957, 79, 24. 

® See, e.g., Preuss, “‘ Integraltafeln zur Quantenchemie,” Vol. I, Springer, Berlin, 1956. 
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where z is one-half the Slater effective nuclear charge (for the carbon 2/ orbital, z = 1-625, 
and w = (z* — 1). 

The expression for dS,9/Sj, calculated for toluene with the parameters, 1 = 109° 28’ 
(tetrahedral), and roy = 1-10 A, is, with x in A and x in radians: 


Su 050d + 08d, 2... . OS) 
12 


Substituting the estimated differential changes in mean-bond-length and angle in (5), 
we note first that the two effects reinforce each other, tending to increase the overlap. 
The relative change in overlap is found to be in the range: 

¢ ss < 
“s 12 __ Deb, = Salt, __ 9.993—0-006 
12 S12 
Taking a rounded value of S,, = 0-625, we obtain: 
AS}e 
0 


Effect of Change in Overlap on Energy and Charge Distribution—On the basis of the 
above, we may take Ap,, to be of the order of 0-01, and determine to what extent such a 
change in overlap will affect the energy and charge distribution. In Table 1 are given the 
differences in the energetic quantities when 9, is increased or decreased by 0-01 from the 
reference value of 2-50. In these calculations, carried out according to both Wheland’s 
and Mulliken’s approximations, the parameters used are « = 1/3 and 8, = — 0-45. The 
absolute values of the energies for p;. = 2-50 are given in Tables 1 and 2 respectively of 
Part I. The energy is in units of Bp. 


AS; = 0-002—0-004, and Ap, = = 0-008—0-016 





TABLE 1. 
Wheland Mulliken 
Gan _ ple p20 _ pn ‘F201 p28 §200_ pee 
Pini sctndapiniisicmnaseacns +0-00794 + 0-00795 + 0-00736 +0-00739 
MU | cidade hitsmaumiesdite +0-00810 -+-0-00812 0-00753 + 0-00755 
AEaa (= AEngsy)  ........- — 0-00016 —0-00017 —0-00017 —0-00016 


Both approximations show a strong increase of both Ey, and Ej, with overlap in such 
a way that the delocalisation energy decreases to a very slight extent. This apparently 
paradoxical decrease in hyperconjugation energy with increasing C=H, overlap is in fact 
quite reasonable in terms of considerations given by Mulliken, Rieke, and Brown.’ It 
should also be noted that this slight decrease is not completely negligible from the point 
of view of secondary isotope effects. Taking | 8, | to be approximately equal to 80 kcal./ 
mole,’ Ege: of [x-*H,]toluene is seen to be some 13 cal./mole lower than that of toluene, 
which would account for a change of 2—3°% in a rate or equilibrium constant at ordinary 
temperatures. To the extent that a given isotope effect is determined by the difference in 
total x-electron energy, its magnitude would be very much greater. 

The energy changes are largely independent not only of the approximation used and 
the precise value of p,. assumed in the reference molecules, but also of the inductive para- 
meter, «. Even assuming the low value of « = 1/5, we obtain with Wheland’s approxim- 
ation, AE mop = 0-00787, AE). = 0-00802, and AE 4. = —0-00015, in good agreement 
with the values based on ¢ = 1/3. 

The changes in net charge distribution are given in Table 2. Here too, the results are 
substantially independent of the approximation used and the value of ¢, and are insensitive 
to the precise value of p,. taken as reference. Although, by virtue of increased overlap, 


7 Mulliken, Rieke, and Brown, J]. Amer. Chem. Soc., 1941, 68, 41. 
* Coulson and Crawford, ]., 1953, 2052. 
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TABLE 2. 

Wheland Mulliken 
Series ia m — 600d aa rn = 

e= 1/5 e= 1/3 e= 1/3 
Atom no. g?-51 — g?.50 g?-5t — q?-50 g?-5° — q?-19 g?-5 — q?-50 g?-5° — 2.49 
l —0-00031 — 0-00026 —0-00027 —0-00029 —0-00029 
2 +0-00024 +0-00020 +0-00021 +0-00021 +0-00022 
3 —0-00001 —0-00001 —0-00001 —0-00001 —0-00001 
4 -++ 0-00003 - 0-00003 -++0-00002 -t-0-00003 +-0-00002 
5 0-00000 0-00000 0-00000 0-00000 0-00000 
6 +-0-00002 +0-00002 +0-00002 + 0-00002 -+ 0-00003 


hyperconjugative electron release from a D, pseudoatom is less effective than from Hg, this 
release effectively goes only as far as the adjacent atom, the changes in charge density on 
the ring atoms being very small indeed. However, toluene in its ground state represents 
a system with only weak electron-demand, so that the possibility that overlap differences 
may be of greater importance in carbonium ions, where electron demand is maximal and 
hyperconjugation is of the “ isovalent ’’ type,® cannot be excluded. This question is now 
under investigation. 

Effect of Change in Non-bonding Interaction.—Although the polarity of an isolated CH 
bond of sf* hybridisation is a matter of debate ! there seems to be general agreement that 
H,, acting as a group in CH,g, is more electropositive than the carbon atom to which it is 
bound. The greater electropositivity of the H, group is assumed by Mulliken and his 
co-workers #4 to be due to non-bonding interaction among the hydrogen atoms. Mulliken 
gave a first estimate of this difference, and his arguments were made the basis of a more 
quantitative treatment by I’Haya,! who found 8, = —0-3 for the methylene group and 
assumed the same value for the methyl group. 

Although the expressions for the H, and H, non-bonding energy are formally identical, 
the effective Hamiltonian is different in the two cases. The solution of the H; problem 
involves a number of difficulties, but from the form of the Hamiltonian we can infer that 
in this case electron-release must be greater than from Hg, resulting in a larger value of — 8,. 

Any change in the configuration of the methyl group will change the H - + - H distance, 
which in turn will affect 8,. This distance (J = 27 sin /2) will be affected by changing the 
bond length and bond angle as follows: 


di = 2siny/2dr+rcosy/2dy ...... . (6 


In the range we have assumed for isotopic variation, and with the direction of change as 
assumed above, the decrease in bond length (7) leads to a decrease in / of the order of: 


Al, = (lp — Jn) = —0-011 + 0-004 A 
and the increase in angle to an increase in /: 
AL, = +-0-0025 +. 0-0005 A 
the net change being a decrease: 
Al = —0-0085 + 0-0045 A. 


Clearly, the H - - - H non-bonding interactions in CD, will be greater than in CH;, and 
this, on the basis of Mulliken’s arguments, would lead to an increase in the absolute value 
of 8,, 1.e., greater electropositivity of D, than of H3, for which experimental support can 
be found in the effect of deuteration on the acid dissociation of aliphatic acids." 


® Muller and Mulliken, J. Amer. Chem. Soc., 1958, 80, 3489. 

10 See, e.g., Smyth, “‘ Dielectric Behaviour and Structure,”” McGraw-Hill, New York, 1955, pp. 
240—243. 

11 Muller, Pickett, and Mulliken, J. Amer. Chem. Soc., 1954, 76, 4770. 

12 |’Haya, J. Chem. Phys., 1955, 28, 1165. 

18 Halevi and Nussim, Bull. Res. Council Israel, 1956, 5, A, 263; results presented before 16th 
Internat. Congr. Pure Appl. Chem., Paris, July 1957. 
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Some measure of the change in 8, may be had on the basis of I’Haya’s treatment. It 
is found that in the neighbourhood of the normal configuration of the methyl group, 
decreasing the H - -- H distance (/) to the extent noted above, results in increasing the 


absolute value of 8, by about 2°. In our scheme of computation, if 3, is taken as —0-45 
in toluene it becomes —0-46 in [a-*H,]toluene. 


Interpolating in the results presented in Table 3 of Part I (e = 5; 8, = —0-45 to 
—0-50), we obtain for a change to 8, = —0-46 the results given in Table 3. 
TABLE 3. 
Wheland Mulliken 
BE, ccnewvresesdcenavescsisvanpecenseesiepssqnets —0-00910 —0-01454 
A ea a Te —0-00919 —0-01461 
Beh Billige) sstciccsicinsccocorsecssussese +0-00009 +-0-00007 


TABLE 4. (g-®# — g-®), 


Atom Wheland Mulliken Atom Wheland Mulliken 
1 -0-00126 +0-00149 4 —0-00013 —0-00015 
2 —0-00109 —0-00127 5 —0-00006 —0-00007 
3 + 0-00039 + 0-00039 6 —0-00017 —0-00018 


Comparing the results of Tables 1 and 3, we see that the effect on the energetic quantities 
of methyl deuteration through its effect on electronegativity is opposite in direction and 
of the same order of magnitude as its effect through the change in overlap. 

The effects of variation in 8, on charge distribution were discussed extensively an Part I. 
Since g varies quite linearly with 8, in this range, the net charges to be expected in [«-*H,)- 
toluene can also be obtained by interpolation. The results for a change from 8, = —0-45 
to 0-46 (p,. = 2-50) are given in Table 4. 

Comparing Tables 2 and 4 we see that in charge distribution, as in energy, the two 
effects of deuteration oppose each other. However, with regard to charge distribution, 
particularly in the ring, the change in electronegativity is about five times as powerful as 
the change in overlap, and amounts to about 2—3% of the original net charge, which may 
be an effect of some significance. 

Change in Hybridisation.—Another consequence of varying bond angles (but not bond 
lengths) is a change in the hybridisation parameter, 0, which appears in the expression for 
the hybrid orbital: 


#=scos6+f/7jsm0 ......... 7) 


Here ¢; is the hybrid orbital and #; a carbon #-orbital, both directed towards the ith 
hydrogen (or carbon) atom, and 6 is determined by the orthogonality condition ( jt; d= = 


3,). Having taken as our reference state a tetrahedral configuration of the methyl group, 
the hybridisation is pure sf’, and for each of the four equivalent orbitals 6 = 60°. 

Now if the DCD angle (x) is assumed to be slightly greater than tetrahedral, the three 
orbitals towards the deuterium atoms (#,?) remain equivalent to each other, but not to 


the fourth orbital (). If account is taken of the dependence of 6 on y and on & (the DCC 
angle) their forms become: 


— cos ¥ 1 
{> = > in i Ms - - ° . : . 
fase ty YP (= cosy +1) ®) 
— __ cos & ae a V — 00s x 
re */ (cos? = — cos 7) p v (cos* § — cos x) 


In dealing with hyperconjugative effects, we use the orthonormal transformation 
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from the three #;? (¢,, fp, f.) to the following orbitals, the fourth orbital (f°) remaining un- 
changed. 


1 : 
ae (t. + t + t) 3 
J 
He = 75 (bo — be) j- ane <> gti 
: = fe saa] 
.=0 


Of these, the first has o-type symmetry, and the second and third have x, and x, sym- 
metry respectively. Now it follows from (8) and (9) that a symmetric change in HCH 
angle can affect only #, and #,. In particular, #3, the orbital entering into conjugation 
with the ring, remains unaltered. 

For the tetrahedral configuration, “4, and “, are given by: 


/3 
u=% +3 


> (10) 
“ 2°") 
Assuming a maximum angle change of Ay = —AE = 17’ (0-005 radian) we obtain: 
u,’ = 0-8706s — 00-4922, . . . ... . (ii) 


uy’ = 0-4922s + 0-8706/, 


The electronegativity of a carbon atom in a hybrid orbital may be assumed to increase 
linearly with cos? 6.14 Thus in w,’, the carbon atom is more electronegative than in 
u, (cos? 6’ = 0-7579; cos? 6 = 0-75), the change being about 9% of the electronegativity 
difference between pure sf*- and sf?-orbitals. On the other hand, the electronegativity 
of the carbon atom in the “, orbital decreases to the same extent. The net effect is thus 
a charge migration in the o-orbitals from the hydrogen atoms in the direction of the ring. 

In the tetrahedral configuration there is an electronegativity difference between the 
s group-orbital of the hydrogen atoms and u,, the former being more electropositive.™ 
The electronegativity difference between u, and the sp?-orbital of the adjacent ring atom 
can be split into two parts: (a) the intrinsically greater electronegativity of sf* than of 
sp®; and (b) the difference induced, in the same direction, by the hydrogen group. 
Increasing the HCH angle enhances both effects. 

Implicit in our treatment, in which a constant parameter, ¢, determines the relative 
electronegativities of the x-orbitals on adjacent atoms, and does not differentiate between 
neighbours of the same and different hybridisation of the corresponding s-orbitals, is that 
the primary factor is induction, the intrinsic electronegativity difference being assigned 
relatively minor importance. Having found that increasing the HCH angle increases the 
Cry Co) electronegativ ity difference by no more than 9% of the intrinsic sp*-sp* electro- 
negativity difference, we see that its effect relative to the total difference must be con- 
siderably smaller. We must note, moreover, that this effect of angle change appears in 
the o-skeleton. What we require, and what is in effect represented by the various (8, — 3x)’s, 
are the induced z-electronegativity differences, which result from induction in the o-skeleton, 
and may be presumed smaller than the o-electronegativity differences themselves. This 
gives us reason to believe that the effect of changing the HCH angle, and hence hybridis- 
ation, on (8, — 8,) will be even smaller than its presumed effect on o-electronegativity 
differences. 

With regard to (8, — 8,), it has been noted that there is no effect of hybridisation change 


144 Moffitt, Proc. Roy. Soc., 1950, A, 202, 534, 5 
3T 
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on the x-electronegativity difference. Such an effect could only arise indirectly through 
the change in o-electronegativity, which we have shown to be small. 

All in all, it seems safe to neglect the effect of hybridisation change on electronegativity 
relative to the primary factor, which we take to be non-bonding interactions. In any event, 
in passing from toluene to [«-*H,|toluene the direction of the two effects is the same, and 
both can be accommodated by an increase in the absolute value of 8). 

Conclusions.—It appears that of the two configurational differences considered, the 
shortening of the CH bond in [«-*H,]toluene is the more important. The increased H,—C 
overlap and the increased electropositivity of the H, pseudoatom lead to roughly equai and 
opposite energetic effects. The latter factor is predominant in determining the change in 
electron distribution, so that electron release to the ring may be sufficiently greater in 
‘«-2H,]toluene than in toluene for experimental verification. 


DEPARTMENT OF CHEMISTRY, ISRAEL INSTITUTE OF TECHNOLOGY, 
HatFa, ISRAEL. [Received, October 21st, 1958.] 





395. Nucleophilic Aromatic Substitution. Kinetics of the Reaction 
between 1-Chloro-2 : 4-dinitrobenzene and Aromatic Amines in Aqueous 
Dioxan. 

By J. C. LockHart. 


The reaction between 1-chloro-2: 4-dinitrobenzene and #-toluidine has 
been studied in aqueous dioxan as a function of solvent composition. The 
reaction is faster in the more polar media. There is no simple correlation 
with dielectric constant but the increase is related to the Grunwald—Winstein 
factor Y,' which is a measure of the solvating power of the medium. 
Addition of salts also increases the rate. Further measurements in pure 
dioxan with aniline as nucleophil are reported. 


Most nucleophilic aromatic substitutions are bimolecular, except for the Syl decom- 
position of diazonium cations.2, Two views are held on the mechanism. These differ in 
whether the intermediate stage is a true transition state * or a stable addition complex in 
equilibrium with the reactants, the distinction being shown by the potential-energy 
diagram.*® Many data for these reactions, as in the present case, can be interpreted to 
favour either view." 

Most workers have obtained second-order kinetics.2, A more refined analysis of the 
kinetics of the chlorodinitrobenzene-aliphatic amine reaction by Ross and his co- 
workers 113 has suggested participation of a bimolecular and a termolecular reaction, two 
amine molecules reacting in the second process. The acceleration observed by Bunnett 
and Randall when N-methylaniline reacts with fluorodinitrobenzene in presence of a 
base (potassium acetate or sodium hydroxide) is also consistent with a termolecular process. 


See Fainberg and Winstein, J. Amer. Chem. Soc., 1956, 78, 2770. 
Bunnett, Quart. Rev., 1938, 12, 1. 
Chapman and Russell-Hill, J., 1956, 1563. 
Bunnett and Zahler, Chem. Revs., 1951, 49, 273. 
Bunnett, Garbisch, and Pruitt, J. Amer. Chem. Soc., 1957, 79, 385. 
Hammond, J]. Amer. Chem. Soc., 1955, 77, 334. 
Ainscough and Caldin, J., 1956, 2528. 
Bunnett and Merritt, J. Amer. Chem. Soc., 1957, 79, 5967. 
Cooper and Hughes, /., 1937, 1183. 
‘© Hammond and Parks, J. Amer. Chem. Soc., 1955, 77, 340. 
11 (a) Cortier, Fierens, and Halleux, Bull. Soc. chim. belges, 1955, 64, 709; (b) Fierens and Halleux, 
ibid., p. 717. 
12 (a) Ross and Finkelstein, J. Amer. Chem. Soc., 1957, 79, 6547; (b) Ross and Petersen, ibid., 1958, 
80, 2447. 
13 Ross, ibid., 1958, 80, 5319. 
™ Bunnett and Randall, J. Amer. Chem. Soc., 1958, 80, 6020. 
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The authors interpret their data in terms of the intermediate-complex mechanism in 
which the second step is accelerated by base and the first step becomes rate-determining. 

The present example of nucleophilic substitution has been studied as a function of 
solvent composition. The results confirm the usual second-order kinetics. The reaction 
between chlorodinitrobenzene and #-toluidine was carried out in media containing 0—50%, 
of water by volume. The kinetics in both limiting media were complicated by separation 
of a second phase. In pure dioxan the separation of amine hydrochloride after 30°, of 
reaction introduced the possibility of heterogeneous catalysis; in 50% dioxan the second 
phase was a red liquid, probably a saturated solution of dinitrodiphenylamine in dioxan. 
Reaction of aniline with chlorodinitrobenzene in pure dioxan was also rendered hetero- 
geneous by separation of crystals of amine hydrochloride. Isolation reactions in pure_ 
dioxan containing a large excess of amine or chlorodinitrobenzene were studied, and were 
homogeneous. 

EXPERIMENTAL 

Materials.—Aniline was fractionally distilled, b. p. 184°, from zinc dust. -Toluidine was 
recrystallised, m. p. 43°, from light petroleum (b. p. 40—60°). Dioxan was purified by 
Rische and Milas’s method.'5 All salts were ‘“‘ AnalaR.” 

Kinetic Measurements.—Several samples were made up for each run, in stoppered test 
tubes, from stock solutions prepared at reaction temperature. Reactions were timed from the 
addition of chlorodinitrobenzene solution. Samples were analysed for halide by Volhard’s 
method after partition between 15 ml. of benzene, 10 ml. of water, 5 ml. of 4N-nitric acid, and 
excess of 0-1Nn-silver nitrate in a separating funnel. The aqueous layer and 2 x 15 ml. washings 
were titrated with 0-01N-ammonium thiocyanate. 

Isolation of Products.—50%, Dioxan. 40 ml. of reaction solution at infinite time was poured 
into 100 ml. of distilled water containing 5 ml. of concentrated nitric acid. The red crystals 
were filtered off, dried, and weighed. The filtrate was neutralised. Its benzene extract on 
evaporation was combined with the first crystals; yield 94%, m. p. 135-5—136-5° (lit.137 1°) 
raised to 136-8—137-5° after recrystallisation from ethanol. 

60° Dioxan containing 0-18M-potassium acetate. Yield 97%, m. p. 135-5—136-5°. 


DiIsCUSSION 
The reaction in pure dioxan obeyed the kinetic equation 
dx/d¢=ka—2x)(b—x) . . . . ... (I) 


where x is the concentration of f-toluidine hydrochloride at time ¢, a is the initial con- 
centration of amine and b of chlorodinitrobenzene. Plots of log (a — 2x)/(b — x) against 


TABLE 1. Rate constants in pure dioxan. 


p-Toluidine (M) ......... 0-25 0-42 0-25 0-39 5-2 0-025 0-099 
ClCoH,(NO,),_ ......... 0-05 0-05 0-10 0-10 0-10 1-05 1-05 
rrr. 45° 45 45° 45° 45° 45° 45° 
108k, (1. mole min.~) 1-33 1-35 1-33 1-37 1-36" 1-35" 1-374 
p-Toluidine (M) ......... 0-123 0-248 0-246 

PRINS CD wcvdccesscccces 0-28 2-75 2-75 5-5 
Cl*C,H,(NO,), (M) ...... 1°05 0-10 0-101 0-05 0-016 0-10 0-10 
BOMB. ccoccsiovssoccesesess 45° 25° 25° 45° 45° 45° 45 
108%, (1. mole! min.~') 1-38 0-430 0-408 0-389 0-430 " 0-434 " 0-628 " 


» Run was homogeneous throughout. 


time were linear to at least 60% reaction. Runs with excess of either component gave 
excellent first-order plots. The results are shown in Table 1. From the corresponding 
data at 45° and 25°, the Arrhenius activation energy for the chlorodinitrobenzene— 
p-toluidine reaction was estimated at 10-9 + 0-5 kcal. mole (Singh and Peacock report 


185 See Weissberger, ‘“‘ Technique of Organic Chemistry. Vol. VII, Organic Solvents,’ Interscience 
Publishers Inc., New York, 1955, p. 372. 

16 Kabachnik and Zitser, ]. Gen. Chem. U.S.S.R., 1937, 7, 162. 

17 Singh and Peacock, /. Phys. Chem., 1936, 40, 669. 
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10-06 +. 0-3 for reactions of 0-4m-f-toluidine and 10-81 + 0-3 kcal. mole? for 0-8m-p- 
toluidine in ethanol). 

Solvent Effects —The second-order rate constant for f-toluidine in Table 1 shows only 
a slight increase with increasing amine concentration, even when the solvent is 
approximately 50°, dioxan by volume (5-2m-f-toluidine). Similarly when the chloro- 
dinitrobenzene concentration is increased to approximately 25° by volume (1-05) the 
rate increase is only a few units percent. The trend of rate constant with increasing aniline 
concentration is more definite. When the aniline concentration is increased tenfold to 
25°, by volume (2-75), kg is increased by 10°; when it is increased to 50°, by volume 
(5-5mM) the rate is almost doubled. The latter variation of k, may be qualitatively ex- 
plained by a medium effect since aniline-dioxan solvents should be more polar than the 
corresponding /-toluidine—-dioxan or chlorodinitrobenzene-dioxan mixtures. 
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In Table 2 are collected data for reactions in aqueous dioxan solvents at 45°. Eqn. (1) 
was again obeyed but plots of log (a — 2x)/(b — x) against time showed slight deviation 
after 60—70°% of reaction, possibly owing to the gradually increasing ionic strength of the 
solution as amine hydrochloride accumulated. The transition state or metastable inter- 
mediate would be more polar than the reactants. The reaction rate obviously increases 
with solvent polarity, as expected for such cases. It has been predicted that for such 


TABLE 2. Variation in k, with change of medium at 45°. 


Deomats (56 Viv) occcccccsese 90 90 85 79 79 70 70 60 60 50 50 
p-Toluidine (M)............... 0-250 0-125 0-250 0-248 0-124 0-124 0-123 0-123 0-122 0-124 0-122 
Cl-C,H,(NO,), (mM) ......... 0-05 005 005 0-05 005 005 005 005 005 005 0-05 
10%, (1. mole min.“!) ... 0-899 0-875 1-29 1:77 1-74 2-72 2-97 4-71 4-71 6-32" 6-44” 


» Run heterogeneous after 25% reaction. 


a reaction log k should be linear in 1/D where D is the dielectric constant of 
the medium.’*! Such relationships are frequently found for reactions in a binary 
solvent pair in which the dielectric constant can be suitably varied. However, 
a plot of log &, from Table 2 against 1/D is a continuous curve (Figure), indicating that the 
dielectric constant is not an adequate measure of the solvent’s rdle in this reaction. 

The various properties which contribute to the ability of a solvent to solvate ions can 
be measured by the quantity Y,! termed the “ ionising power ”’ of the solvent, which is 
a function of solute—-solvent interaction defined by the relation: 


logh=logh,+mY . ....-.see & 
18 Taidler and Eyring, Ann. N.Y. Acad. Sci., 1940, 39, 303. 
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The standard values for Y have been measured in many solvents for the Syl solvolysis of 
tert.-butyl chloride at 25°. In 80% ethanol Y is arbitrarily taken as zero and k = hp. 
The parameter m measures the susceptibility of a reaction to Y relative to that of /ert.- 
butyl chloride. The correlation of solvolysis rates by this empirical method ! is better in 
many cases than by the method involving dielectric constant. The scope and limitation 
of eqn. (2) have been investigated.1**! 

In the current case the Y function has provided a close description of rate variation. 
A straight-line graph of log k, versus Y is shown in the Figure. The slope m = 0-250 and 
the closeness of fit of eqn. (2) is +0-0472. An extrapolation of the line to the ’, value for 
pure dioxan yields a Y value of —5-34 for that solvent. Nucleophilic aromatic substitu- 
tion may thus provide another measure of solvating power in non-hydroxylic media, 
analogous to Kosower’s Z values.” A relation of k, with Y could be predicted from either 
the Sy2 or the intermediate-complex viewpoint and this finding does not differentiate 
between the two. 

Salt Effects.—The effect on rate of the salt formed in the reaction (f-toluidine hydro- 
chloride which is also an acid), common-ion salt, neutral salts, and potassium acetate was 
briefly investigated and the results are shown in Table 3. Addition of salt seems to 
accelerate the reaction slightly, but the results differ slightly for different salts so the 
effect cannot merely be that of increased ionic strength. Ion pairs and higher aggregates 
may be important in all the media considered, as the reagent concentrations were high 
for media of such low polarity. The product, #-toluidine hydrochloride, produces 
roughly a 10% increment on rate when half a mole is present in relation to one mole of 
chlorodinitrobenzene. Neutral salts in equimolar proportion to chlorodinitrobenzene pro- 
duce a 6—7% increase, the chloride salt a 10% increase, and potassium acetate a very 
slight increase. Any specificity of the salt effects is probably accentuated by the low 
polarity of the medium. 

An increase in rate with increase in ionic strength may be predicted for both 
mechanisms as the transition states will be more polar in each case than the reactants. 


TABLE 3. Salt effects on kg in various media at 45°. 


i ke ee 90 90 79 79 70 50 50 
$-Toluidine (i) ..............000. 0:125 0-249 0-124 0-126 0-126 0-124 0-126 
Cl-CoH,(NO,), (M)  .......00000 0-05 0-05 0-05 0-05 0-05 0-05 0-05 
EF ivewnacicincicndstenvesacnbass PTH PTH PTH PTH PTH PTH PTH 
SI a tinicuchis-aneuuiciaaminsnnpuniniens 0-0133 0-0133 0-005 0-0133 0-0133 0-0133 0-0269 
10°, (1. mole“ min.“) ...... 0-904 0-902 1-85 1-97 3°13 6-89 ® 7-278 
pS a: renee 60 60 60 60 60 60 
-Toluidine (um) ............... 0-123 0-123 0-123 0-123 0-123 0-123 
CI-CoH,(NO,), (M)  ...-.-.2000. 0-05 0-05 0-05 0-05 0-05 0-05 
GEE div cannes ansinvnneceontonsen KNO, NaClO, KCl CH;CO,K CH,;CO,K CH,°CO,K 
UN sikdincnmanneseeoceniionbanmasans 0-0509 0-0503 0-0509 0-0726 0-185 0-251 
107k, (1. mole min.“!)_ ...... 5-09 5-03 5-60 4-76 ° 5-04 ° 5-07 ° 


* PTH is p-toluidine hydrochloride. ° Values calculated from the kinetic equation, dx/dé = 
k(a — x)(b — x) because potassium acetate reacts with amine hydrochloride to give free amine and 
acetic acid, and so only one amine molecule is used up in the reaction. A plot of log (a — 2x)/(b — x) 
against time curves strongly for the last two runs, although log (a — x)/(b — x) gives a straight line 
to 80% reaction for the last three runs. 

» Run heterogeneous after 25% reaction. 


The effect of acid (f-toluidine hydrochloride) is of the magnitude of a salt effect, and 
there is no apparent catalysis by the base potassium acetate. 


The author is indebted to Professor N. B. Chapman for advice, and to Professor J. F. 
Bunnett for access to reference 14 before publication. 

Royat Hottoway COLLEGE, ENGLEFIELD GREEN, SURREY. [Received, January 8th, 1959.] 

19 Wilputte-Steinert and Fierens, Bull. Soc. chim. belges, 1955, 64, 308. 

°° Winstein, Fainberg, and Grunwald, /. Amer. Chem. Soc., 1957, 79, 4146. 

21 Hudson and Saville, /., 1955, 4114. 

22 Kosower, J. Amer. Chem. Soc., 1958, $0, 3253, 3261, 3267. 
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396. Preparation of Germane. Part I. Reaction between Lithium 
Aluminium Hydride and Germanium Tetrachloride. 


By E. D. MACKLEN. 


A study of the effects of temperature and of the order of addition of 
reactants has been made for the reaction between lithium aluminium hydride 
and germanium tetrachloride in tetrahydrofuran. Higher reaction tem- 
peratures favour the production of germane, whereas temperatures below 
0° favour side reactions which limit the yield of germane. The decomposi- 
tion of trichlorogermane and the subsequent reaction of germanium di- 
chloride with lithium aluminium hydride is suggested to explain the low yields 
of germane. Under the best conditions a 40% yield of monogermane was 
obtained. 


ALTHOUGH monogermane was first produced in 1902 ' its properties were little known until 
much later, as the yields and purity of samples were very low. The first successful pre- 
paration, by the action of dilute acids on magnesium germanide, was developed by Dennis, 
Corey, and Moore,” who obtained a 22-7% yield of mixed germanes containing 16-8% of 
monogermane. This method was later improved by Kraus and Carney ® by replacing the 
dilute acid by ammonium bromide in liquid ammonia, and a yield of 70% of mixed ger- 
manes containing predominantly monogermane was obtained. No new method of pre- 
paration was reported until 1947 when Finholt, Bond, Wilzbach, and Schlesinger * prepared 
germane, silane, and stannane by the metathetical reaction between lithium aluminium 
hydride and the corresponding tetrachlorides in diethyl ether. For germane the reaction 
can be represented by the equation: 


LiAIM, + GeCle —— Geli, F LICI+- AIK, 2 2 sw eee CUD 


Although the preparation was quantitative for silane, the yields of germane (27-7%) and 
stannane ® (20-4%) were rather low. 

Since the production of litre quantities of germane was ultimately required it was felt 
that a more detailed study of the reaction between lithium aluminium hydride and 
germanium tetrachloride might result in a considerable improvement in yield. Details 
of investigations into the effect of temperature and order of addition of reactants are given 
here. 


EXPERIMENTAL 


1 ppavatus.—The reaction vessel consisted of a 500 ml. three-necked flask fitted with a water- 
cooled condenser and a cold-finger condenser, a thermometer pocket, a graduated tap funnel 
with adaptor for inert-gas entry, and a magnetic stirrer. The cold-finger condenser, kept at 

~ 80° with solid carbon dioxide-acetone, was connected via a preliminary cold trap at — 80° to 
the collection system consisting of four traps in parallel enabling separate fractions to be collected 
by condensation with liquid nitrogen during reaction. Attached to a manifold common to the 
four traps were two storage vessels, V, and V,, of volumes approximately 0-5 and 5-01., a three- 
column mercury manometer (one reference column and two measuring columns), and two limbs 
of volumes approximately 10 ml. and 100 ml. These limbs were used for vapour-pressure 
measurement and analysis by thermal decomposition respectively. 
Materials.—Most of the work was carried out with tetrahydrofuran as solvent, and, except 
where stated, the following solutions were used. 
Lithium aluminium hydride solution. Commercial tetrahydrofuran was dried by refluxing 
it for several hours with calcium hydride in dry nitrogen, then distilled directly on powdered 


1 Voegelen, Z. anorg. Chem., 1902, 30, 325. 

? Dennis, Corey, and Moore, J. Amer. Chem. Soc., 1924, 46, 657. 

3 Kraus and Carney, ibid., 1934, 56, 765. 

* Finholt, Bond, Wilzbach, and Schlesinger, ibid., 1947, 69, 2692. 

* The yield of stannane from this reaction has recently been raised to 80—90°% by inhibition of 
SnH, decomposition by traces of oxygen; Emeléus and Kettle, /., 1958, 2444. 
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lithium aluminium hydride. The mixture was refluxed in nitrogen for one day to effect 
solution and drive off volatile impurity hydrides, then allowed to cool and settle. The solution 
was siphoned from the residual solid when required. The amount of active lithium aluminium 
hydride in the solution was determined by hydrolysis and by oxidation with iodine to be 8-0 g. 
per 100 ml. of solution (2-11m). 

Germanium tetrachloride solution. A solution of approximately the same molarity as that 
of the hydride was prepared by diluting 26 ml. of germanium tetrachloride to 100 ml. with dry 
tetrahydrofuran (2-28m). 

Reactants in dioxan. Dioxan was dried by refluxing it with calcium hydride for several 
hours. Aslurry of 6 g. of powdered lithium aluminium hydride in 75 ml. of dioxan was prepared 
in the reaction flask. A solution of 13 ml. of germanium tetrachloride diluted to 50 ml. with 
dioxan was also prepared. 

Procedure.—A known volume of one reactant was placed in the flask and hydrogen passed 
through for 30 min. before the second reactant was added slowly to the flask from the tap 
funnel. The flask temperature was kept constant. A steady temperature as recorded by the 
thermometer placed in mercury in the thermometer pocket was maintained before reaction 
commenced. The hydrogen and the germane evolved passed through the condensers and 
preliminary cold trap (used to remove entrained solvent) into the first of the four traps cooled 
with liquid nitrogen. The germane solidified and the hydrogen passed to exhaust. The 
addition of the second reactant was stopped after a fixed volume of solution had been added. 
After a further 15 min., during which any germane remaining in the flask was swept by the 
hydrogen into the collection system, the first liquid-nitrogen trap was closed, the second trap 
opened, and the addition of the second reactant continued. This was repeated until the four 
traps contained germane. The collection system was then evacuated of hydrogen and the 
contents of each trap were evaporated in turn by raising the trap temperature, the gas evolved 
expanded into one of the two vessels V,,,, and the pressure read on the mercury manometer. 
The volume of gas at room temperature was then calculated and corrected to S.T.P. The 
germane was then recondensed in a storage trap and the four collection traps were then available 
for the collection of further fractions of germane. By this procedure the evolution of germane 
at each stage of the addition of the second reactant could be followed. Excess of the second 
reactant was added in every case to ensure complete removal of the first reactant. At the end 
of reactions at low temperatures the flask temperature was slowly raised to the boiling point 
of the solvent, and the gas evolved at each stage in the warming measured as before. In this 
way the complete removal of the germane from solution was ensured. The yield of germane 
at each stage in the reaction was calculated from the quantity of first reactant placed in the 
flask. 

Results.—A ddition of lithium aluminium hydride to germanium tetrachloride. Theslow addition 
of lithium aluminium hydride solution to a solution of germanium tetrachloride in tetrahydrofuran 
at 35° resulted in a vigorous reaction but initially liberated no germane. After the mole ratio 
of added LiAIH,:GeCl, reached approximately 0-2, germane was steadily evolved until the 
equimolecular quantity of hydride had been added, when reaction ceased. The addition of 
excess of hydride gave no further germane. The flask temperature was then raised until the 
solvent was refluxing gently; some germane was evolved during this heating. In addition to 
the evolution of germane the initially colourless solution underwent several changes during the 
addition of the hydride. The solution first became pale yellow and a slight white precipitate 
appeared, then, as the addition continued, the yellow colour deepened and the precipitate 
became yellow. Finally an orange solution with a flocculent yellow-orange precipitate was 
obtained. 

This reaction was repeated at 68° and similar results were obtained, except that the colour 
changes and precipitation occurred earlier than at 35°. A third reaction was carried out at 
— 40° which resulted in a decreased yield of germane and a small quantity of yellow precipitate. 
On heating, the precipitate dissolved and the solution colour deepened until at 10° a clear red 
solution resulted which remained clear until 45°. At this temperature an orange precipitate 
appeared which slowly thickened as the flask was heated to 68°; germane was evolved through- 
out the heating. The reactions at 35° and —40° after refluxing resulted in approximately 
the same yields of germane as the reaction at 68°. The yields (based on GeCl,) for these three 
reactions are plotted against the lithium aluminium hydride added in Fig. 1. 

Addition of germanium tetrachloride to lithium aluminium hydride. In the addition of LiAlH, 
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to GeCl, the active hydrogen of the hydride does not appear as germane until approximately 


one-fifth of the hydride has been added. This may be due to a stepwise replacement of chlorine 


by hydrogen with decreasing rates of reaction in each successive step: GeCl, —» GeHCl, —> 


GeH,Cl, —» GeH,Cl — GeH,. If this is so, then addition of GeCl, to LiAlIH, may be 
expected to evolve germane from the beginning of the addition. 

The addition of GeCl, solution to LiAIH, in tetrahydrofuran at 25° gave a vigorous reaction 
and as expected germane was evolved immediately the addition commenced. 


The solution 
became first yellow then, as addition proceeded, orange. 


A yellow precipitate appeared which 
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also deepened to orange, and reaction finally subsided when equimolecular quantities of reactants 
were present; no further germane was evolved when GeCl, was added in excess. The reaction 
was repeated at 70° and an increase in yield obtained with the appearance of similar colorations 
and precipitates. A third reaction at —55° gave a poor yield of germane although only a 
slight quantity of yellow precipitate was present. When the solution was heated with excess 
of GeCl,, germane was evolved at about 30°. The precipitate dissolved at 45° and remained 
in solution throughout refluxing. Germane was evolved steadily until 70° but the final yield 
was much reduced. A further reaction at —66° gave similar results with a further decrease 
in yield. 

Che progressive evolution of germane from these four reactions is shown as a function of the 
addition of GeCl, in Fig. 2. 

Reaction in dioxan. 


In tetrahydrofuran an increase in temperature favoured the yield of 
germane. 


The reaction temperature was limited by the boiling point of the solvent, so the 
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higher-boiling solvent, dioxan, was employed. Since the solubility of LiAlH, in dioxan 
was much lower than in tetrahydrofuran a slurry of LiAlH, in dioxan was placed in the reaction 
flask, heated to 30°, and GeCl, in dioxan slowly added. The reaction was less vigorous than 
in tetrahydrofuran and germane was liberated from the beginning of the addition. A yellow 
solid developed early in the reaction. After a slight excess of GeCl, had been added the flask 
contents were heated to 96° and refluxed at that temperature for 1 hr. During this time the 
yellow precipitate became yellow-brown. The yield of germane was 26-4% of theoretical. 

Effective solubility of germane in tetrahydrofuran. In order to determine whether the release 
of germane on heating the final solutions to the reflux temperature of the solvent was due to 
decreasing solubility of germane in the solvent or to reaction between products, the approximate 
solubility of germane in tetrahydrofuran was determined under conditions similar to those used 
in the preparations. A known volume of germane was condensed into a trap by use of liquid 
nitrogen. The trap temperature was slowly raised and the gaseous germane was bubbled 
through tetrahydrofuran in the reaction flask. A hydrogen atmosphere at a pressure of 1 atm. 
was maintained in the reaction flask. The undissolved germane passed into the collection 
system and was condensed in one of the liquid-nitrogen traps. After all the germane has passed 
through the solvent the trap and flask were swept out with hydrogen in a similar manner to 
that used during reactions. The volume of undissolved germane was measured and the volume 
of dissolved gas calculated from the difference in the original and the collected volumes. The 
temperature of the solvent was then raised and the germane evolved was collected and its 
volume measured. The solvent was finally boiled to expel all the germane. Results are as 
tabulated; a plot of log (volume dissolved) against 1/7 (°K) is linear. 


END sncconswkencerdecnnexi icine eeeeeaioisaiubianbiataaaels —73 -—-40 -—30 -—10 10 65 
BPN CD nirtiiks xseanecueasancnuiwentniqcinbanatsdinbinadciiabeneaheiamanid 5-00 429 412 3:80 3-53 3:38 
Vol. (ml.) of GeH, dissolved in 150 ml. of tetrahydrofuran ... 2334 351 169 74 33 0 


It can be seen that, at the end of the reaction at —40° with approximately 200 ml. of solvent 
present, the evolution of 419 ml. of germane on heating to 10° could be accounted for by decrease 
in solubility; but the further evolution of 568 ml. from 10° to 68° cannot be due to decrease 
in solubility alone. It seems probable, therefore, that some germane is evolved at higher 
temperatures by reaction between the low-temperature products. 


DIscussION 
A comparison of the reactions between lithium aluminium hydride and other covalent 
chlorides (SiCl,, BCl,, AsCl,, etc.), which give the corresponding hydrides in quantitative 
yield, with the reaction between lithium aluminium hydride and germanium tetrachloride 
indicates that the latter does not occur in the simple manner indicated by eqn. (1). How- 
ever, a comparison of the yields of hydride obtained from the chlorides of Group IV elements 
(Si 99%,* Ge 40%, Sn 20% 4) indicates that the position of germanium is not abnormal. 
An explanation for the low yield of stannane has been suggested which is based on the 
easy reducibility of Sn'Y to Sn™ causing reaction to proceed by two competitive routes 
(2) and (3).® 
SnCl, + LiAIHy ——t Sn(AIH,), 

Sn(AIH,), — 4AIH, ——BSnH,y - - we eee ee ee 

Sn(AIH,), — 2AIH; ——B> Sn(AIHy) + He), 


Sn(AIH,), — 2AIH; ——B Sn + Hy f° @) 


Little stannane was obtained from these reactions since reaction (3) was faster than reaction 
(2). Silicon is not reduced to a lower valency under these conditions, and a quantitative 
yield of silane can be obtained from silicon tetrachloride. Germanium is intermediate 
between silicon and tin in that it does form stable bivalent compounds, but the reduction 
from Ge!Y to Ge"! does not occur so readily as for tin. 

The low yield and the formation of a yellow germanium compound from the GeCl,- 
LiAlH, reaction indicates that in addition to the main reaction producing germane at least 
one side reaction occurs. Metallic germanium was not produced, indicating that the 

* Wiberg and Bauer, Z. Naturforsch., 1951, 6b, 392. 
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mechanism of the side reaction is not the same as that for the SnCl,—LiAIH, reaction. A 
yellow precipitate similar to that obtained with LiAIH, has also been obtained in a LiH— 
GeCl, reaction in tetrahydrofuran, thereby eliminating Ge(AlH,), or Ge(AIH,), as a product 
of this reaction. This has been confirmed by analysis of the yellow precipitate, which 
showed little aluminium or lithium present. 

The replacement of chlorine by hydrogen is thought to be a stepwise process, and an 
explanation of the reduced yield of germane has been sought from a consideration of the 
stability of the compounds intermediate between GeCl, and GeH,. All these compounds 
decompose at room temperature or below. Chlorogermane slowly decomposes at room 
temperature:? 2GeClIH, —» GeH, + 2HCl + Ge. Dichlorogermane decomposes more 
rapidly, yielding a mixture of products among which Ge, GeCl,, GeClH,, GeCl,, HCl, and 
hydrogen have been identified.? Recently ® it has been shown that trichlorogermane 
loses HCl readily at —30°, forming GeCl,. This decomposition seems the most likely to 
occur under the conditions of the GeCl,—» LiAIH, reaction, the side reaction being 
completed by the replacement of the chlorine atoms in GeCl, to form a bivalent hydride, 
the complete scheme being as follows, where a represents }LiAIH,: 


a a a a 
GeCl, —— GeHCl, —— GeH,Cl, —— GeH;,Cl —— Gel, 


> a 


GeH, <—— GeCl, + HCl —» H, 


The existence of a yellow germanous hydride insoluble in solvents has been reported ; ® 
its properties suggest a long-chain polymer (GeH,)z. It is thought that the yellow colour 
in solutions at lower temperatures and the precipitation at higher temperatures may be 
due to the formation of a similar hydride in association with tetrahydrofuran. The 
precipitation may be due to the conversion of the monomer (stabilized by the solvent) 
into the polymer in a similar manner to that observed for aluminium hydride.” 

The above reaction mechanism accounts for the cessation of reaction at the equi- 
molecular ratio of reactants irrespective of the course taken by the reaction. The variations 
in yield with temperature may be accounted for by different changes in the reaction rate 
of the two competing reactions with temperature. 


STANDARD TELECOMMUNICATION LABORATORIES LTD., 
ENFIELD, MIDDLESEX. [Received, January 19th, 1959.) 


7 Dennis and Judy, J. Amer. Chem. Soc., 1929, 51, 2321. 

® Moulton and Miller, J. Amer. Chem. Soc., 1956, 78, 2702. 
* Royen and Schwarz, Z. anorg. Chem., 1933, 211, 412. 

10 Wiberg, Graf, and Uson, ibid., 1953, 272, 221. 
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397. Preparation of Germane. Part II.* Reaction between 
Sodium Borohydride and Germanium Tetrachloride. 


By E. D. MACKLEN. 


The preparation of monogermane from the reaction between germanium 
tetrachloride and sodium borohydride in aqueous solution has been studied at 
various temperatures. The effect of complete and partial neutralization of 
the hydrochloric acid liberated by hydrolysis of germanium tetrachloride, 
together with the rate and order of addition of reactants, has been investig- 
ated. Under the best conditions a yield of 79-1% of monogermane was 
obtained. Nascent hydrogen reduction of Ge!’ to metallic germanium is 
suggested to account for the smaller yield than theoretical. 


In Part I * the preparation of litre quantities of monogermane from the reaction between 
lithium aluminium hydride and germanium tetrachloride in tetrahydrofuran solution was 
described. However, the yield from this reaction under the best experimental conditions 
was limited to 40% by the occurrence of side reactions. Difficulties in the preparation of 
stannane by a similar procedure }»? were largely eliminated by replacing lithium aluminium 
hydride in ether by sodium borohydride in aqueous solution. Using this method, Schaeffer 
and Emilius * obtained an 84% yield of stannane from stannous chloride. This improve- 
ment in yield for stannane suggested that a similar improvement in the yield of germane 
might be expected from the action of aqueous sodium borohydride on germanium 
tetrachloride. 


EXPERIMENTAL 


Apparatus and Procedure.—The apparatus and technique were as in Part I. 

Materials.—Most of the reactions were carried out in aqueous solution and the following 
solutions were prepared. 

Sodium borohydride solution. 16 g. of commercial sodium borohydride were dissolved in 
250 ml. of water, making a solution nominally 169m. As such a solution slowly hydrolyses, 
it was prepared immediately before use. No yields were based on NaBH,, and the active 
hydride content of solutions was not determined. 

Germanium tetrachloride solution. Attempts to prepare an aqueous solution of germanium 
tetrachloride result in almost complete hydrolysis, and a slurry of germanium dioxide in hydro- 
chloric acid is produced. However, since the dioxide redissolves during reaction this slurry is 
acceptable. 2-5 ml. of GeCl, were added to 60 ml. of water, and the equivalent of 0-37 mole 
of GeCl,/l. of solution was obtained. In all cases where this slurry was used the hydrolysis 
was carried out in the reaction flask. A solution of 3 ml. of GeC], in 100 ml. of tetrahydrofuran 
was also prepared so that GeCl, could be added to NaBH, by means of a tap funnel. 

Results.—Since the addition of germanium dioxide slurry in controllable quantities through 
a tap funnel was not possible, the initial reactions were carried out with the slurry in the flask. 
A reasonable yield of a gas condensable in liquid nitrogen was obtained from a preliminary 
reaction, and although vapour-pressure measurements on this gas indicated monogermane the 
absence of diborane could not be assumed, although the preparation of diborane from aqueous 
solution was highly unlikely. Pyrolysis of the gas gave a purity for the germane of 98-4% 
and chemical analysis of the residue from pyrolysis confirmed the absence of boron and the 
presence of germanium only. 

In the following reactions all yields of germane were based on the original GeCl, content, 
and even for the addition of GeCl, in tetrahydrofuran to aqueous NaBH, the final yield was 
calculated from the GeCl, added rather than from the NaBH,. 

Addition of sodium borohydride to germanium tetrachloride. (a) Effect of temperature. The 
addition of NaBH, to the dioxide slurry was carried out at 20°, 60°, and 80° and the volumes 


* Part I, preceding paper, 

1 Finholt, Bond, Wilzbach, and Schlesinger, J. Amer: Chem. Soc., 1947, 69, 2692. 
* Wiberg and Bauer, Z. Naturforsch., 1951, 6b, 392. 

3 Schaeffer and Emilius, J. Amer. Chem. Soc., 1954, 76, 1203. 
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of germane liberated during the addition were measured. The values are shown in Fig. 1. It 
can be seen that although lower temperatures favour the yield of germane, little difference is 
apparent between the yields at 20° and 60° whereas a pronounced difference is observed at 80°. 
After the reaction at 20° the flask contents were heated to 60° but no further germane was 
evolved. The reactions at 60° and 80° produced a mirror of metallic germanium on the wall 
of the flask below the liquid level, the weight of which indicated that all germanium not evolved 
as germane had been thus deposited. 


(b) Effect of rate of addition of NaBH,. The rate of addition of the hydride was kept at 
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approximately 1 ml. of solution per minute in order to keep the temperature constant. The 
effect of adding the second reactant very rapidly was investigated by increasing this rate of 
addition to 20 ml./min. Reaction commenced at 25° but the temperature rapidly rose to 70° 
during the first few minutes of addition, and a final yield of 29% of germane was obtained. 
This was a large reduction in the yield compared with those obtained for slower addition, and 
all other reactions were carried out with addition of 1 ml./minute. 

(c) Effect of acid concentration. ‘The hydrolysis of germanium tetrachloride by water resulted 
in a slurry of germanium dioxide in 1-46N-hydrochloric acid. The effect of doubling the acid 
concentration by addition of hydrochloric acid was investigated. It was found that the 
quantity of NaBH, required to complete the reaction was increased; and also that the yield 
of germane was reduced to 41°, at 60°. Neutralization of half of the hydrochloric acid with 
sodium hydroxide or ammonia had little influence on the yield of germane (60% at 60°), but 
decreased by a third the quantity of NaBH, required to complete the reaction. Complete 
neutralization of the acid almost entirely prevented the formation of germane (yield 6% at 
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60°), indicating that some hydrochloric acid is required for reaction. The evolution of germane 
with NaBH, addition for slurries of different acid concentrations is shown in Fig. 2. 

An alternative method of reducing the effect of the hydrochloric acid on NaBH, was the 
use of solutions of NaBH, made alkaline with sodium hydroxide. This had the additional 
advantage of stabilizing the borohydride solution so that the solution could be stored without 
appreciable hydrolysis. The effect of alkaline NaBH, on the reaction was similar to that of 
partial neutralization of the acid before reaction. For 1-2N-sodium hydroxide a decrease in 
the quantity of NaBH, required without appreciable alteration in the yield of germane was 
obtained, but 2-38N-alkali caused a more rapid evolution of germane and reduced the yield to 
33% at 60°. These effects are shown in Fig. 3. 

Addition of germanium tetrachloride to sodium borohydride. To obtain a more complete 
picture of the reaction, the addition of GeCl, to sodium borohydride was required. This was 
accomplished by the use of a solution of germanium tetrachloride in tetrahydrofuran placed in 
the tap funnel which was added slowly to 4 g. of NaBH, in 75 ml. of water in the reaction flask. 


Fic. 3. Effect of varying concentration of NaOH in 


NaBH; solution at 60°. Fic. 4. Effect of temperature during 


addition of GeCl, to NaBH. 
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A, NaOH = 2-38n; B, NaOH = 1-21n; C, no NaOH. 


This reaction was carried out at 22° and 56° and the evolution of germane is plotted against the 
addition of GeCl, in Fig. 4. Reaction in both cases had ceased at the point indicated by the 
arrow, and the yield of germane at this point was calculated from the quantity of GeCl, added. 
Values of 79-1% at 22° and 49-7% at 56° were obtained. 

For both of these reactions an orange precipitate was formed which remained between the 
water layer and the tetrahydrofuran layer in the flask. The properties of this precipitate 
indicated that it was similar to the bivalent reduction product of the reaction of germanium 
tetrachloride with lithium aluminium hydride in tetrahydrofuran. 

Reaction in tetrahydrofuran. A slurry of 3 g. of NaBH, in 75 ml. of tetrahydrofuran was 
placed in the reaction flask and the temperature kept at 25°. A solution of 3 ml. of GeCl, in 
100 ml. of tetrahydrofuran was slowly added, but little germane was evolved. After 50 ml. 
of GeCl, solution had been added the addition was stopped and the volume of germane 
collected was found to be 36-1 ml., corresponding to a yield of 12-4% based on GeCl,. The addi- 
tion of 7 ml. of water at this stage increased the yield to 40-3% after a vigorous reaction. The 
further addition of 43 ml. of water increased the yield to 43-79%. The orange germanium 
reduction product was again formed during the reaction. 

The low yield of germane from the reaction in tetrahydrofuran may be partially due to the 
inability of the NaBH, to ionize to any extent, but the presence of water may also be necessary 
to complete the formation of GeH, from the primary reaction product of GeCl, and NaBH,. 


DISCUSSION 
The reaction of sodium borohydride with germanium tetrachloride in an aqueous medium 
provides one of the most efficient methods of preparing monogermane in litre quantities 
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with reasonable yields. However, the emergence of metallic germanium as a reaction 
product indicates that the yield of germane is reduced by at least one side reaction. By 
analogy with other reactions involving NaBH, it seems likely that the primary reaction 
producing germane is a two-stage reaction in which germanium borohydride is first formed 
by the action of sodium borohydride on germanium tetrachloride, then decomposed by the 
water, evolving monogermane: 


GeCl, + 4NaBH, ——B Ge(BH,), + 4NaCl . 2 ww ee eee 
Ge(BH,), -+- 12H,O ——B GeH, + 4B(OH), + 12H, i-* tele ag 


In this way the water performs two functions, initially promoting the formation of BH, 
ions for reaction (1), and finally decomposing the Ge(BH,),. The low yield of germane 
from the reaction in tetrahydrofuran together with the immediate evolution of germane 
after the addition of water to this system illustrate the necessity for the presence of water 
if reasonable yields of germane are to be obtained. 

The second reaction sequence which occurs in this system involves the reduction of 
quadrivalent germanium to the free metal. This mode of behaviour has been observed 
in other systems; silver, bismuth, arsenic, and antimony salts have been reduced to free 
metals by interaction with sodium borohydride, and Ce!Y, Cr¥!, Tl™, Hg", and Fel! 
reduced to the next lower stable valency.5 It seems likely that the reduction of Ge'¥ to 
Ge!" and finally to metallic germanium in aqueous solutions occurs not by direct reaction 
with NaBH, but by means of nascent hydrogen evolved either in reaction (2) or by the 
reaction of hydrochloric acid (obtained by hydrolysis of GeCl,) with NaBH,: 


NaBH, + HC! + 3H,0 ——s NaCl + B(OH), +4H,. . . . . - - Q) 


In solutions of tetrahydrofuran the occurrence of the orange bivalent germanium reduction 
product indicates that the reduction of germanium ceases at Ge", no metallic germanium 
having been found in such systems. 

Since the evolution of hydrogen from aqueous sodium borohydride solutions increases 
rapidly with increase in temperature,® the reduction in yield of germane with increase in 
temperature may be explained in terms of the increased availability of nascent hydrogen 
thus favouring the reduction of Ge'Y to metallic Ge. The reduction of germane yield from 
germanium dioxide slurries containing additional hydrochloric acid may be similarly 
explained by the increased availability of nascent hydrogen. 


The author thanks Dr. S. G. Foord for advice and criticism. 


STANDARD TELECOMMUNICATIONS LABORATORIES LTD., 
ENFIELD, MIDDLESEX. (Received, January 19th, 1959.) 


* Schlesinger and Brown, U.S.P. 2,461,661 (Feb. 15th, 1949). 
5 Schaeffer and Frank, unpublished work. 
* Schlesinger, Brown, Finholt, Gilbreath, Hoekstra, and Hyde, J. Amer. Chem. Soc., 1953, 75, 218 
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398. Distortion in the Perovskite-type Structures of Lanthanon 
Mixed Oxides, LnMOs. 
By J. A. W. DaALzieL. 


A qualitative explanation is given of the distortion found in perovskite- 
type structures of the lanthanon mixed oxides with general formula LnMQ,. 
The changes in lattice symmetry which occur as the distortion increases 
arise mainly from the non-ideality of the radius ratios of the ions involved. 
The influence of partial covalent character in M-O linkages on the stabilis- 
ation of the structures is demonstrated by reference to the three series 
LnAlO,, LnFeOQ;, and LnGaO;. The partial covalent character tends to 
increase as the lanthanide contraction proceeds along each series. It is most 
significant if the common M ions have partly filled d shells, when the utilis- 
ation of inner orbitals may produce an increase in polarisation energy suffi- 
cient to extend the range over which the perovskite lattice tolerates distortion. 
This effect occurs in the LnFeO, series and should be more pronounced in the 
LnCoO, series. 


Perovskite-type Structures of Lanthanon Mixed Oxides.—The crystal lattice of an ideal 
perovskite (AMO,) has primitive cubic symmetry with all the ions in special positions in 
the unit cell, viz., A = $44; M = 000; O = 400,030,003. This corresponds to layers of 
composition (AO,),, normal to the cube diagonals of the unit cell, arranged in the cubic 
order (abcabc-) with all octahedral holes formed by oxygen ions occupied by »M ions.} 
Since there are no variable parameters in the ideal lattice the non-ideality of the radius 
ratios and the polarisation of ions is accommodated by distortion to related lattices of lower 
symmetry. The limits over which the perovskite lattice can tolerate the non-ideality of 
ions is often specified by an empirical tolerance factor (¢) derived from the geometry of the 
cubic cell and the radii of the ions (r), v#z., 


t= (ta + 70)/V/2(r + 70) 
For most perovskite-type oxides the values of ¢ lie between about 1-1 and 0-8. 

The structures of many lanthanon mixed oxides of general formula LnMO, which are 
of the perovskite-type have been established in some detail by the work of Geller and his 
co-workers.” The three series LnAlO,, LnFeO;, and LnGaO,, where Ln represents a 
series of lanthanons and the M ions exhibit different types of electronic configuration, are 
of particular interest in the investigation of the factors which govern distortion. I have 
confirmed Geller and his co-workers’ results for compounds belonging to these three 
series, using X-ray powder methods, and have established the structures of DyAlO, and 
DyFeO,.5 A summary of the combined data is given in Table 1. Each series shows a 
common pattern of distortion away from the ideal cubic lattice through rhombohedral 
towards orthorhombic symmetry as the lanthanide contraction proceeds. This appears to 
hold for all LnMO, perovskites, with the possible exception of the series LnCoO,, which will 
be discussed later. The electronic configurations of the M ions have no apparent influence 
on the symmetries assumed by the distorted structures but they do influence the limits over 
which the perovskite lattice is stable. Thus, the lower limit of ¢ for the LnAlO, and LnGaO, 
series lies in the region of 0-90 and 0-91 but extends beyond 0-85 for the LnFeO, series. 

Factors which influence the Distortion.—It is convenient to discuss the factors which 
influence the distortion of the perovskite-type lattices of the lanthanon mixed oxides by 
separating that which arises from the non-ideality of the radius ratios of ions (ionic distor- 
tion) from that due to the partial covalent character of M—O linkages (covalent distortion). 


1 Wells, ‘‘ Structural Inorganic Chemistry,’’ Oxford Univ. Press, 1950. 
2 Geller, J. Chem. Phys., 1956, 24, 1236. 

3 Geller et al., Acta Cryst., 1956, 9, 563, 1019; 1957, 10, 161, 234. 

* Reimeika, J]. Amer. Chem. Soc., 1956, 78, 4259. 

5 Dalziel and Welch, Acta Cryst., in the press. 
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Other factors, such as the partial covalent character of Ln-O linkages, will be neglected 
in the discussion which is therefore approximate. This method of treatment is related to 
that used by Megaw ©? for the A'MYO, and A™M!YO, subgroups of the perovskites. 
According to Megaw the symmetry assumed by A'MYO, and A!M!YO, perovskites is 
largely dependent upon the partial covalent character of their M—O linkages, 1.e., covalent 
distortion. In the LnMO, subgroup of the perovskites covalent distortion should be less 
important. This follows from the reduced “ electrostatic bond strengths’ in the M-O 
linkages and the more symmetrical cationic charge distribution around the oxygen ions 
in LnMO, perovskites, as shown in Fig. 1. That the polarisation of the oxygen ions in 
the nearly cubic structure of LaAlO, is smaller than in the cubic AUM'‘O, perovskites is 
demonstrated by the following argument. A cubic perovskite lattice irrespective of 
polarisation must satisfy the geometrical relationship: (7, + 70)/+/2 = (7g + ro) = @/2, 
where (a) is the length of the unit-cell edge. The values of the oxygen-ion radius can then 
Fic. 1. Asymmetry of cationic charge distribution around oxygen ions in the perovskite lattice and 
change in electrostatic bond strengths in different subgroups. 
Electrostatic bond strengths 
AIMYO, AMMIVO, Lng, 


OC) i FF 43 


be derived in two ways, viz., 7o = a/2 — rg Or 7o = (a/+/2) — rs. Since smaller cations 
will tend to be less deformed by polarisation than larger anions, the substitution of spherical 
values for the cationic radii in these equations to obtain numerical values for 7o is justified 
to an approximation. The values of ro for LaAlO, and the cubic A“M'YO, perovskites,’ 
derived in this way, are shown in Table 2. The cationic radii used ® have been corrected 


TABLE 1. Summary of crystallographic data for perovskite-type lanthanon mixed 
oxides LnAlO,, LnFeO,, and LnGaO,, where Ln = La, Nd, Gd, and Dy. 


Mixed Cell dimensions (A) Space 
oxide Space lattice Z a b c V group Transitions 
LaAlO, Rhombohedral 2 5:357 54:5 R3m Cubic above 
a = 60-10 435° c 
NdAlO, Rhombohedral 2 5-286 52-7 R3m 
a = 60-41 
GdAlO, Orthorhombic 4 5-247 5-304 7-447 51:3 Pbnm 
DyAlO, Orthorhombic 4 5-215 5-311 7-407 51:3. Pbnm(?) 
LaFeO, Orthorhombic 4 5-556 5-565 7-862 60-8 bum Rhombohedral 
above 980°c 
NdFeO, Orthorhombic 4 5-441 5573 7°753 58-8 Pbnm 
GdFeO, Orthorhombic 4 5-346 5-616 7-668 576 Pbhnm 
DyFeQ, Orthorhombic 4 5-304 5-600 7-621 56-6 Pbnm(?) 
LaGaO, Orthorhombic 4 5-496 5-524 7-787 59-2 ~Pbnm Rhombohedral 
above 875° c 
NdGaO, Orthorhombic 4 5-426 5-502 7-706 57-5 Pbnm 


‘““ GdBaO, ’’ Garnet phase 
‘ DyGaO, ”’ Garnet phase 
Z = number of formula weights per unit cell. _ 
V = volume occupied by one formula weight (A). 


in the case of A and Ln ions for twelve-fold co-ordination. The data in the table show in 
particular that the oxygen ions in LaAlO, are nearly spherical and therefore are not 
polarised. This contrasts markedly with the case of A"M'YO, perovskites. 

It is concluded that the least distorted LnMO, perovskites have structures which are 

® Megaw, Acta Cryst., 1952, §, 739; 1954, 7, 187. 

7 Megaw, “ Ferroelectricity in Crystals,” Methuen, London, 1957. 

§ Megaw, Proc. Phys. Soc., 1946, 58, 133. 


Ahrens, Geochim. Cosmichim. Acta, 1952, 2, 155. 
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dependent primarily upon the effects of ionic distortion on the ideal lattice. As the 
lanthanide contraction proceeds along a series the distortion increases and the volumes 
occupied by the formula weights exhibit a regular decrease (Table 1). The significance of 


TABLE 2. Values for the radii of the oxygen ions calculated from the dimensions 
of cubic perovskites. 


Yo (A) Yo (A) 

AMMIVO, from rg Yo from ra + Yo LnBO, from rg -- % from r, Yo 
aa ienicks 27 1-54 Hd SN 1-39 1-44 
I co cacicieicceh 1-26 1-67 (NdAIO, ......00.... 1-37 1-41) 
SE ceive nsduieenes 1-30 1-62 (EBECO ys  .ccccccvcess 1-32 1-53) 
By Sconcsessescnne 1-34 1-44 
BM, scccnensdniseci 1-30 1-50 


the relative decreases in the different series will be considered in more detail later; a 
decrease in the volume occupied by a formula weight will tend to increase the polarisation 
of the ions. Hence, covalent distortion will tend to increase as the lanthanide contraction 
proceeds along each series. Now an estimate of the relative importance of ionic and 
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Fic. 2. (LnO,), Layers with rpp/ro less than 
unity, and octahedral sites for M ions when 


layers ave arranged in the order abcabc-. 
a. Regular layer of R3m, Z = 1 lattice. 
b. Less regular rearrangement (projection on O O 
rhombohedral (111) plane and quasi-sp* 6 O O 
environment of M ions. 
c. Layer of Pmmm, Z = 2 lattice, derived C d QZ) 
by compression from 2a [projection on 


orthorhombic (101) plane] and quasi-sp* OO OO © 
environment of M ions. 





covalent distortion can be made by the consideration of (a) the extent to which increases 
in ionic distortion can produce the observed changes from cubic through rhombohedral to 
orthorhombic symmetry in the perovskite lattice, and (b) the extent to which covalent 
distortion is present in the representative series LnAlO,, LnFeO,, and LnGaQ,. 

Ionic Distortion.—In the purely ionic distortion of the perovskite lattice the ions must 
be represented as rigid spheres, since their deformation would represent covalent distortion. 
When such ions are formed into (LnO,), layers in the ideal way they are not close-packed 
if the radius ratio 7,,/7o is less than unity. Moreover, if the ideal lattice is made from the 
cubic arrangement of these layers no more than four oxygen ions make contact with each 
Ln ion. Thus, when 7;,/7o is less than unity this ideal arrangement is unstable with 
respect to a less symmetrical one which brings more oxygen ions into contact with each 
Ln ion and hence increases the coulombic lattice energy. 
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Such an arrangement occurs when the perovskite lattice assumes rhombohedral sym- 
metry. Megaw ® has described how the rhombohedral lattice is produced when a force of 
compression acts parallel to one cube diagonal of the ideal lattice. This brings the (LnQOg), 
layers which are normal to the force closer together, until each Ln ion is in contact with the 
six oxygen ions of the neighbouring layers. To do this without deforming the oxygen ions 
the layers which are normal to the force of compression must be opened out. The most 
regular way of doing this for one (LnQ,),, layer is shown in Fig. 2a. When such layers are 
arranged in the order abcabc- and n M ions are placed in the unsymmetrical octahedral 
sites available, a rhombohedral lattice (R3m, Z = 1) is obtained which is rather more 
symmetrical than those found for LnMO, perovskites with rhombohedral distortion. 
Rhombohedral lattices of lower symmetry can be formed by purely ionic distortion if a 
less regular arrangement occurs in the layers. Thus, when (LnQ,), layers of the kind 
shown in Fig. 2b are arranged, as before, in the order abcabc- the rhombohedral unit cell is 
no longer perfectly centrosymmetrical. It is of interest because the lattice contains 
octahedral holes, shown in Fig. 2b, which would tend to be compatible with sp? hybrid 
character in the M-O linkage. According to Geller and his co-workers the rhombohedral 
LnMO, perovskites have two formula weights in their unit cells. Lattices of this kind 
require a repeating pattern of six layers and a less regular arrangement must occur within 
the layers. Layers of the kind shown in Fig. 2) can be arranged in a six-fold repeating 
pattern ab’ca’bc’-, where the three layers denoted by primes have been turned so that their 
groups of oxygen ions “ point ”’ in the opposite direction from those in the other three 
layers. This arrangement produces a lattice which contains two kinds of octahedral hole 
for occupation by M-type ions and is unsatisfactory from this point of view. No more 
satisfactory arrangement of layers to give a six-fold repeating pattern has been found. 
However, the lattices of the rhombohedral LnMO, perovskites are sufficiently close to these 
lattice models to make it reasonable to conclude that their distortion arises mainly from 
the non-ideality of the radius ratios of the ions involved. Some confirmation that the 
distortion is essentially ionic is provided by the observation * that the transition from 
rhombohedral to cubic LaAlO, is a higher than first-order change. The transition of the 
related structure of nickel oxide, which is from rhombohedral to cubic symmetry by a 
higher than first-order change, has also been attributed to the non-ideality of the ionic 
radii. 

Similarly orthorhombic symmetry is produced by ionic distortion as the radius ratio 
’tn/Yo departs further from unity. An orthorhombic lattice is formed when a force of 
compression is allowed to act parallel to a face diagonal of the cubic cell.6 This force can 
be resolved into the rhombohedral force of compression and an additional force which acts 
in the plane of the layers. A layer which has been derived in this way from Fig. 2a is 
shown in Fig. 2c. The octahedral holes available for M-type ions when these layers are 
arranged in the order abcabc- would tend to be compatible with sf? hybrid character in 
M-O linkage if they are slightly modified, as shown in Fig. 2c. The space-group symmetry 
of the orthorhombic lattice is Pmmm, Z = 2. This is the holosymmetrical space-group 
from which it should be possible to derive Pbnm, Z = 4, which has been reported by 

“er ® for GdFeO, and other orthorhombic perovskites, if a repeating pattern of six less 
regular (LnO,), layers is used. Thus, it appears that the orthorhombic symmetry found in 
the more distorted LnMO, perovskite lattices is not inconsistent with the increased non- 
ideality of the radius ratios of the ions involved. That orthorhombic symmetry occurs 
commonly, irrespective of the electronic configuration of the M-type ions involved, tends 
to support the view that ionic distortion is important even in the most distorted LnMO, 
perovskites. However, there is evidence that covalent distortion also is present to a 
signiffcant extent in at least some orthorhombic lattices. 

Covalent Distortion.—If the lattices of a series of LnMO, perovskites with the M ions 
in common are all essentially ionic in character, the volumes occupied by their formula 

1° Rooksby, Acta Cryst., 1948, 1, 226. 
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weights should decrease as the lanthanide contraction proceeds along the series, but to a 
smaller extent than would be predicted from the decreases in the volumes of the lanthanon 
ions alone, because the packing deviates increasingly from close-packing. The relative 
ionic character in the different series can therefore be tested by a plot of the volumes 
occupied by one formula weight against those occupied by the respective lanthanon ions 
in twelve-fold co-ordination. Fig. 3 shows plots of Vz, against Viomo, (full lines) and 
against Viamo,—(Vie — Vin) (broken lines) for the three series LnAlO;, LnFeO;, and 
LnGaO,. The deviation between full and broken curves is in the direction expected for 
ionic distortion only for the LnAlO, and LnGaO, series; it is reversed for the LnFeO, 
series. This is positive evidence that the increase in polarisation energy, 7.¢., covalent 
distortion, in the LnFeO, series is of a different order of magnitude from that in the other 
two series and is sufficient to overcome the non-ideality of ionic packing in the more 
distorted lattices. The larger increase in the polarisation energy, which will tend to 
stabilise the perovskite lattice, accounts for the lower limit of ¢ in the LnFeQ, series. 












LnFe0, 
LaGa0, 
Fic. 3. Relationships between the volumes of 4 
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Significant partial covalent character in M-O linkages would also account for the observ- 
ation that transitions from orthorhombic to rhombohedral symmetry may be first-order 
changes.® 

The reason for the differences between the polarisation energies in series of LnMO, 
perovskites can be understood when the atomic orbitals of the M ions, which can be utilised 
in. the formation of partial-covalent M-O linkages, are considered. The tervalent ions of 
aluminium, iron, and gallium, which have an inert-gas, a half-filled d shell, and an eighteen- 
electron configuration respectively, have been chosen as representative M ions from this 
point of view. If the polarisation energy in a perovskite lattice is small the M ions are 
subjected to a relatively weak electrostatic crystal-field effect. In this case all types of 
M ion, irrespective of their electronic configurations, will tend to utilise their outer atomic 
orbitals and M-O linkages with relatively weak partial covalent character will be formed. 
It is reasonable to suppose that the outer sf* and sf* hybrid orbitals will be utilised suc- 
cessively as the lanthanide contraction proceeds along any series. Already, it has been 
seen that sf? and sf* hybrid character in M-O linkages would tend to be nearly compatible 
with rhombohedral and orthorhombic distortion respectively. The utilisation of these 
outer hybrid orbitals therefore should not produce appreciable changes in the symmetry 
of perovskite lattices which are subjected primarily to ionic distortion, as described above. 
However, if outer orbitals only are involved in the formation of M-O linkages Goodenough 

11 Gillespie and Nyholm, Quart. Rev., 1957, 11, 339. 
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and Loeb™ consider that partial covalent character should increase in the order 
Al < Fe < Ga. This is not in accordance with the trends shown in Fig. 3 although it 
provides a reason for the observed tendency of gallium ions to favour tetrahedral co-ordin- 
ation with oxygen ions in the ready formation of garnet phases. The discordance is re- 
moved if it is assumed that in the LnFeO, series the larger increase in polarisation energy 
arises by the interaction of the ferric ions with a relatively strong electrostatic crystal 
field. Then the inner orbitals of the ferric ions can be utilised in the formation of Fe-O 
linkages with significant partial covalent character. The configuration of the ferric ion 
will alter from its spin-free state (d3d,?) towards the spin-paired state (déd,°) as the 
lanthanide contraction proceeds and the d, orbitals can then be utilised, probably for the 
formation of d,*sp* hybrid orbitals. The utilisation of inner orbitals by tervalent first-row 
transition metal ions should be most pronounced in the case of cobalt.1* In the series 
LnCoO, it would be expected that, as the polarisation energy increases along the series, 
there should be a large tendency to form symmetrical octahedral Co-O linkages with 
appreciable covalent character. This effect might even be sufficient to act as a restorative 
force and reduce the distortion of the perovskite lattice as the lanthanide contraction pro- 
ceeds. It is significant therefore that the distortion in the LnCoOQ,j series is anomalous; the 
rhombohedral distortion in LaCoO, is reported to decrease as the lanthanide contraction 
proceeds until at SmCoO, the perovskite lattice is nearly cubic. 


I thank Dr. A. J. E. Welch for helpful advice. 
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12 Goodenough and Loeb, Phys. Rev., 1955, 98, 391. 
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14 Wold, Post, and Banks, J. Amer. Chem. Soc., 1957, 79, 6365. 
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399. The Chemistry of 4-Santonin. Part XI.* Its Absolute 
Configuration. 


By WEsLEY Cocker, T. B. H. McMurry, and (in part) L. O. Hopkins. 


Previous configurational assignments to the centres at 7, 8, and 10 in 
ys-santonin (I) have been confirmed by relating it to tetrahydroalantolactone 
(VII). The steric formula for tetrahydro-y-santonic acid (II) has been 
justified. The stereochemistry of these compounds at position 11 is 
discussed. 


IN a preliminary communication ! we described the conversion of ys-santonin * (I) through 
tetrahydro--santonic acid #5 (II) into the acid (V), which we now show to be 8a-hydroxy- 
4:5: 11«(H)-eudesman-13-oic acid. The latter acid was previously obtained® from 
tetrahydroalantolactone whose absolute configuration at all centres except that at C,,,) 
(but see below) has been shown to be as in (VII).47 We now give details of the investig- 
ations previously outlined." 


* Part X, J., 1956, 1828. In the present paper we use Cocker and Cahn’s nomenclature (Chem. 
and Ind., 1955, 384). In the case of the acids (e.g., II, III) the 11(H) is referred to as «- or B- by reference 
to the 11(H) of the angular lactones (e.g., I). 


1 Cocker and McMurry, Proc. Chem. Soc., 1958, 147. 

2 Chopra, Cocker, Cross, Edward, Hayes, and Hutchison, /., 1955, 588. 

* Dauben and Hance, J. Amer. Chem. Soc., 1955, 77, 606. 

* Chopra, Cocker, Edward, McMurry, and Stuart, J., 1956, 1828. 

5 Cocker and Lipman, /., 1949, 1170. 

* Tsuda, Tanabe, Iwai, and Funakoshi, J]. Amer. Chem. Soc., 1957, 79, 5721; cf. Tanabe, Pharm. 
Bull. (Japan), 1958, 6, 214, 218. A 

7 BeneSova, S¥kora, Herout, and Sorm, Chem. and Ind., 1958, 363. 
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Tetrahydro--santonic acid **> (Il) was converted (Scheme A) into the ethylene di- 
thioketal (III) by treatment with ethanedithiol and the boron trifluoride-ether complex,® 
lactonisation taking place in the process. When the dithioketal was treated with Raney 
nickel in boiling dioxan, the product (IV) was a gum, but on hydrolysis with 10% methanolic 
potassium hydroxide this gave pure 8a-hydroxy-4 : 5: 1la(H)-eudesman-13-oic acid (V), 
identical with a sample prepared by the method of Tsuda e¢ al.6 from tetrahydroalanto- 
lactone (VII) by way of the keto-acid (VIII). We should, however, mention that our 
specimens melted at 183° and 185° respectively, some 10° higher than the quoted figure.® 

The reactions involved in the conversion of ys-santonin (I) into the hydroxy-acid (V) 
could not affect the configuration at positions 7, 8, and 10. Hence, since the absolute 


Scheme A, 





(VI) (VIL) (VIEL) (1X) 


Reagents: |, H*. 2,H,-Pd. 3, Ni. 4,OH~. 5, OMe-for short time. 6, NaBHy. 7, (a) OH™, (6) CH,Ng, 
(c) CrO3, (¢) OH~. 8, Na-PriOH. 9, (a) CH,Ng, (6) CrO3, (¢) OH. 


configuration of the lactone (VII) at all centres except Cq,) is known,®? y%-santonin (I) must 
have the absolute configurations shown at these centres, and this assignment is in accord 
with our previous predictions.** Likewise, tetrahydro-~-santonic acid (II) has the 
previously predicted ** configurations at centres 4, 5, 7, 8, and 10. The configuration at 
Cao) agrees with the assignment derived ® from the rotatory dispersion curve of tetrahydro- 
y-santonic acid. 

Recent work by Sumi, Dauben, and Hayes! confirmed our stereochemical assign- 
ments for y-santonin by relating it to artemisin. Artemisin has been shown” to be 
8«-hydroxysantonin and hence has the absolute configuration shown in (X). Sumi e¢ al.” 
used the reactions shown in Scheme B for the conversion of artemisin into the lactone (XI) 
which had previously !* been obtained from anhydro-/-santonic acid * (XII), a rearrange- 
ment product of %-santonin (I); in this way they demonstrated that %-santonin has the 
same configuration as artemisin at positions 7, 8, and 11. 

On combining our investigations with those of Sumi ef al. it is clear that the steric 

8 Fieser, J. Amer. Chem. Soc., 1954, 76, 1945. 

® Djerassi, Riniker, and Riniker, J. 4mer. Chem. Soc., 1956, 78, 6362; Djerassi and Marshall, ibid., 
1958, 80, 3987. 

10 Sumi, Dauben, and Hayes, ibid., p. 5704. 

11 Sumi, Proc. Japan Acad., 1956, 32, 684; 1957, 38, 153; Pharm. Bull. (Japan), 1957, §, 187; J. 


Amer. Chem. Soc., 1958, 80, 4869. 
12 Dauben, Hance, and Hayes, ibid., 1955, 77, 4609. 
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formula for #-santonin is (I),** except that the configuration at position 6 awaits direct 
establishment. 

Mention can now be made of the configuration at position 11 of ¥-santonin (I) and its 
derivatives and of tetrahydroalantolactone (VII). Asselineau, Bory, and Lederer * have 
shown that when the last compound (VII) (m. p. 148°, [a], +-16°) is heated at 210° with 


Scheme B. 





: .@) 
(XI) : H :"H_ (XII) 
Reagents: |, (a) NH,°OH, (b) Zn-H,SO,. 2, (¢) OH, (b) H*. 3, Zn-AcOH. 4, (a) NaBHg, (b) H*. 


potassium hydroxide and the product acidified, an isomeric lactone (m. p. 71°, [a], +-26°) 
is obtained, and this must be the 1l-epimer (V1) of tetrahydroalantolactone. Confirm- 
ation is given by the fact that when either epimer (VII) or (VI) is heated for a short time 
with sodium methoxide, a mixture rich in the former is obtained, but when the heating is 
protracted the only product is the latter. 

The behaviour described in the preceding paragraph is reminiscent of the chemistry of 
the desmotroposantonins.* Short treatment of the lactones with sodium methoxide will 
leave the lactone rings largely intact. Under these conditions, the lactone (VI) is 
epimerised at position 11 whilst the compound (VII) is unchanged. Lactone (VII), there- 
fore, is more stable than (VI). Hence, according to the rules propounded by Chopra 
et al.,* the former (VII), which is a cis-fused lactone,* must have its 11-methyl group cis 
with respect to the 7-hydrogen atom, 1.e., there is a a-methyl group at position 11. We 
have confirmed this assignment by showing that tetrahydroalantolactone (VII) is stable to 
protracted heating with anhydrous potassium carbonate in boiling xylene. These are 
conditions which do not hydrolyse the lactone ring but invert position 11 when this is in the 
less stable configuration.*> 14 

The acid or ester which is produced when the lactone (VII) is heated with potassium 
hydroxide or for long periods with methoxide will, however, have the less stable configur- 
ation at position 11, as shown in conformation (A), and will undergo inversion there to 
afford the acid or ester which can adopt conformation (B). Relactonisation will then give 
the 11-epimer of tetrahydroalantolactone, namely, (VI). 


CO.R COR 
H ky H Cy 
H co Me Me H 
(A) C,OH C,0H _ (B) 


In the formation of 8«-hydroxy-4 : 5: 11«(H)-eudesman-13-oic acid (V) from tetra- 
hydroalantolactone (VII) (Scheme A), the intermediate ketone (VIII) is reduced when 
heated for several hours with sodium in propan-2-ol. These are conditions 1 which 


13 Asselineau, Bory, and Lederer, Bull. Soc. chim. France, 1955, 1524. 


™ Woodward and Yates, Chem. and Ind., 1954, 1391; Chopra, Cocker, and Edward, ibid., 1955, 41. 
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could lead to epimerisation at position 11 (cf. our preliminary communication +). We 
have now shown that no such epimerisation takes place in the sequence (VII) —» 
(VIII) — (V), since it can be reversed. Thus when the methyl ester of acid (V) is 
oxidised, and the product reduced by sodium borohydride, tetrahydroalantolactone (VII) 
is obtained. In consequence, the acid (V) must have the configuration shown and its 
lactone,* m. p. 74—75°, [a], —29-3°, must have structure (IV) with an 1la-methyl group. 
This is the more unstable * of the two ¢rans-fused lactones epimeric at position 11.6 That 
this is the case is shown as follows. Reducing the keto-acid (VIII) with sodium and 
propan-2-ol gives the hydroxy-acid (V) and a lactone, m. p. 112—113° (lit.,6 m. p. 108— 
109°, (oJ, —19-5°). This lactone can only have structure (IX), that of the 1l-epimer of 
([V), since the structures of three of the four possible lactones, namely, (IV), (VI), and 
(VII), have already been assigned. We need not consider the possible epimerisation at 
position 7 since the large group there must be equatorial. The fact that the new lactone 
is formed merely by acidification of the alkaline mixture after reduction of acid (VIII) 
shows that the new lactone is more stable than (IV), whose corresponding hydroxy-acid 
(V) is not lactonised under similar conditions [cf. the greater resistance to lactonisation 
of 118(H)-santoninic acid than of santoninic acid;!® at the same time one should 
distinguish the absolute stability of the hydroxy-acid at position 11 from its resistance 
to lactonisation]. 





: ‘ HY 
4 : 
(XVI) (XVII) ' (XVII) 





The configuration at position 11 in ¥-santonin can now be assessed. The dithioketal 
(III) must, like its successor (IV) in Scheme A, have the more unstable 11«-methyl configur- 
ation. Obviously tetrahydro-~-santonic acid must have the configuration at position 11 
shown in (IIb = IIa) (we use this symbol to draw attention to the rotation about Cy.)—-Ciqy), 
which is necessary to convert a linear into an angular lactone and vice versa). Hence 
y-santonin must have an 118-methyl group. 

We have made several attempts to determine the configuration at position 6 in ¢- 
santonin. These involved at one stage the removal of the keto-group via an ethylene 
dithioketal. Starting from 8a-hydroxy-l-oxo-4 : 1l«a(H)-eudesm-5-en-13-oic acid (XIII) 
(formerly called dihydro-y-santonin #16) we prepared the dithioketal (XIV) which was not 
desulphurised by Raney nickel. The same dithioketal (XIV) was formed when the bromo- 
lactone (XV) }” was treated with ethanedithiol and boron trifluoride, the thiol acting as a 
reducing agent. 

y-Santonin itself afforded a dithioketal on treatment with ethanedithiol and toluene-/- 
sulphonic acid. By analogy with y-santonic acid‘ this product must have structure 
(XVI). Neither this nor the corresponding hydroxy-acid (XVII) could be desulphurised. 

It is interesting that in one reduction of “ helenin”’ over Raney nickel in methanol 

18 Miki, J. Pharm. Soc. Japan, 1955, 75, 416. 


16 Clemo and Cocker, j., 1946, 30. 
17 Cocker and Hornsley, J., 1947, 1157. 
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dihydroisoalantolactone (XVIII) was obtained.!* It showed maxima (KBr disc) at 1761 
(butanolide), 1650 (isolated C=C), and 890 cm. (C=CH,). The dihydro-compound is 
unchanged when refluxed for 24 hours with potassium carbonate in xylene, as would be 
expected since it is reduced to tetrahydroalantolactone (VII). 


EXPERIMENTAL 

Infrared spectra were measured with a Hilger 800 double-beam instrument. [4], 
CHC, solutions unless otherwise stated. 

8a-Hydroxy-4: 5: 1la(H)-eudesman-13-0ic Acid (V).—This acid, prepared from alanto- 
lactone by the method of Tsuda, Tanabe, Iwai, and Funakoshi,® had m. p. 185°, {aJ,!”7 + 61-5 
(c 0-67 in MeOH) {lit.,* m. p. 174°, fj, + 66-6° (c 1-5 in EtOH)} (Found: C, 71-2; H, 9-9. 
Calc. for C,;H.,0,: C, 70-8; H, 10-3%). 

4: 5a(H),118(H)-Eudesman-8« : 13-olide 1-(Ethylene Dithioketal) (111).—A mixture of tetra- 
hydro-y-santonic acid (0-5 g.) *5 and ethanedithiol (0-6 c.c.) was slowly treated with freshly 
distilled boron trifluoride-ether complex ® (0-6 c.c.). After 3 hr. water was slowly added, then 
sodium carbonate to alkalinity, and the mixture was extracted with ether, from which a pale 
yellow gum was obtained. Trituration with methanol gave a solid which on crystallisation 
from ethanol afforded the dithioketal as prisms (50 mg.), m. p. 175—176°, vmax. 1767 cm. 
(lactone) (Found: C, 62-9; H, 7-5. C,,H,,0,S, requires C, 62-6; H, 8-0%). 

8a-Hydroxy-4: 5: 1la(H)-eudesman-13-o0ic Acid (V).—A mixture of the above dithioketal 
90 mg.), Raney nickel (1 g.), and dioxan (30 c.c.) was refluxed for 8 hr., then filtered 
and evaporated at 90° under reduced pressure. The residual glass was refluxed for 2 hr. with 
10% aqueous potassium hydroxide (2 c.c.) in methanol (10 c.c.). Evaporation of the solvent 
and acidification of the residue gave a solid (30 mg.), m. p. 155—160°, which on crystallisation 
from ethanol afforded 8a-hydroxy-4 : 5: 1la(H)-eudesman-13-oic acid (V), {aJ,,!7 +59-9° (c 0-11 
in MeOH), m. p. 183°, alone or on admixture with a specimen prepared from alantolactone. 

Attempted Conversion of Tetrahydroalantolactone (VII) into its 11-Epimer (V1).—The lactone 
(VII) (0-5 g.) in m-xylene (10 c.c.) was gently refluxed with freshly ignited potassium carbonate 
(0-5 g.) for 21 hr. The mixture was filtered whilst hot and the xylene was removed under 
reduced pressure, giving unchanged material, m. p. and mixed m. p. 148° (0-45 g. of material of 
m. p. 145—146°). 

Conversion of 8«-Hydyvoxy-4: 5: 1la(H)-eudesman-13-oic Acid (V) into Tetrahydroalanto- 
lactone (VII).—The acid, m. p. 184° (10 mg.), was treated with excess of diazomethane in ether, 
and after 1 hr. the solvent was removed. The product, dissolved in acetic acid (2 c.c.), was set 
aside for 1-5 hr. with sodium dichromate (100 mg.) in acetic acid (4 c.c.). The excess of di- 
chromate was decomposed with ethanol, and the solvents were removed under reduced pressure. 
The residue was extracted with ether, washed with water and sodium hydrogen carbonate 
solution, and dried. Removal of solvent gave a product which was dissolved in methanol 
(15 c.c.), mixed with potassium borohydride (50 mg.) in water (5 c.c.), and set aside for 14 hr. 
The solution was poured into water (40 c.c.), acidified with dilute acetic acid, saturated with 
ammonium sulphate, and extracted with ether. Removal of ether gave a residue which was 
heated at 100° for 3 min. and then crystallised from ethanol from which tetrahydroalanto- 
lactone (6 mg.), m. p. and mixed m. p. 140°, was obtained. 

8«-H ydroxy-4 : 1la(H)-eudesm-5-en-13-oic acid 1-(Ethylene Dithioketal) (XIV).—Anhydrous 
hydrogen chloride was passed during 2 hr. into a mixture of 8«-hydroxy-l-oxo-4 : 1la(H)- 
eudesm- 5-en-13-oic acid § (XIII) (0-6 g.) and ethanedithiol (1 c.c.). The product was diluted 
with etk er, washed with water, and dried. Removal of the solvent gave the dithioketal (0-55 g.) 
as plates (from ethyl acetate-light petroleum), m. p. 180—181°, [a],!* +83-4° (c 0-82) (Found: 
C, 60-0; H, 7-3. C,,H,,0,S, requires C, 59-6; H, 7°6%). The same product was obtained 
when boron trifluoride-ether was used as catalyst. 

When the bromo-lactone ?’ (XV) (0-55 g.) obtained from 8«-hydroxy-1l-oxo-4: 11a(H)-eudesm- 
5-en-13-oic acid was set aside for 24 hr. with ethanedithiol (1 c.c.) and boron trifluoride-ether 
(1 c.c.), the product was the same dithioketal (0-4 g.), m. p. and mixed m. p. 181°. No reaction 
took place between the bromo-lactone, ethanedithiol, and anhydrous hydrogen chloride. 

118(H)-Eudesma-3 : 5-dien-8« : 13-olide 1-(Ethylene Dithioketal) (XV1).—ib-Santonin (1 g.), 

*® Cf. Ruzicka and van Melsen, Helv. Chim. Acta, 1931, 14, 379; Ukita, Matsuda, and Nakazawa, J. 
Pharm. Soc. Japan, 1952, 72, 796; cf. ref. 13. 
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ethanedithiol (1 c.c.), toluene-p-sulphonic acid (40 mg.), and benzene (50 c.c.) were refluxed with 
continuous removal of water in a Dean and Stark apparatus for 3hr. The solution was shaken 
with water, the benzene layer dried, and the solvent was removed. The residue was crystallised 
from ethyl acetate, giving the dithioketal (0-28 g.) as rhombs, m. p. 185—186°, [a], +85-3° 
(c 1-3), Vmax, 1773 (y-lactone), 1003 (tvans-y-lactone), and 860 cm." (trisubstituted double bond) 
(Found: C, 63-5; H, 7-2. C,,H,.0.S, requires C, 63-3; H, 6-8%). 

8a-Hydroxy-1la(H)-eudesma-3 : 5-dien-13-o0ic Acid 1-(Ethylene Dithioketal) (XVII).—The pre- 
vious compound (0-15 g.) was refluxed for 1 hr. with potassium hydroxide (0-5 g.) and methanol 
(10 c.c.). Removal of solvent and acidification of the residue afforded the hydroxy-acid (0-1 g.), 
needles (from aqueous methanol), m. p. 186—187°, [a],?° +173-4° (c 0-47 in MeOH) (Found: 
C, 60-7; H, 7-35. C,,H,,0,S, requires C, 60-0; H, 7-1%). 

Hydrogenation of ‘‘ Helenin.’’—‘‘ Helenin’”’ (10 g.) in methanol (100 c.c.) was stirred in 
hydrogen for 14 hr. with Raney nickel (3 g.)._ Filtration and removal of solvent gave a residue 
which after two crystallisations from ethanol gave dihydroisoalantolactone (XVIII) (4 g.) as 
needles, m. p. 174° (Found: C, 76-75; H, 9-5. Calc. for C,;H,.O,: C, 76-9; H, 9-5%). 


The authors thank Messrs. T. and H. Smith for gifts of ys-santonin and alantolactone, and 
the Medical Research Council of Ireland for financial assistance. 


UNIVERSITY CHEMICAL LABORATORY, 
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400. The Determination of the Paramagnetic Susceptibility of 
Substances in Solution by Nuclear Magnetic Resonance. 


~By D. F. Evans. 


The shifts of the proton resonance lines of inert reference molecules in 
solution caused by paramagnetic substances are accurately given by the 
theoretical espression AH/H = (2zx/3)Ax where Ax is the change in volume 
susceptibility. For aqueous solutions of paramagnetic substances, about 
2° of t-butyl alcohol is incorporated, and an aqueous solution of t-butyl 
alcohol of the same concentration is used as an external reference. Values 
obtained for the susceptibility of a variety of paramagnetic molecules are 
in satisfactory agreement with those in the literature. Less than 0-03 ml. 
of a dilute solution can be studied. 


THE position of a line in the proton resonance spectrum of a molecule depends on the bulk 
susceptibility of the medium in which the molecule is situated. For an inert substance 
(dioxan) in aqueous solution, the shifts caused by paramagnetic ions are given! by the 
theoretical expression * 

AH/H = (2n/3)Ax j°y' oe 2 Ow ae 


where Ax is the change in volume susceptibility. This is consistent with some earlier 
work of Phillips, Looney, and Ikeda * on the nuclear magnetic resonance spectra of alcohols 
containing paramagnetic ions, and is in contrast with measurements on mixtures of 
diamagnetic liquids * where higher values of the numerical factor (~2-60) were obtained. 
A simple method of measuring the paramagnetic susceptibilities of substances in dilute 
solution is therefore available. Bothner-By and Glick * have suggested the use of eqn. (1) 
with a numerical factor of 2-60 for measuring the susceptibilities of diamagnetic substances, 
but the presence of an empirical factor of doubtful constancy seems to detract from the 
utility of this method. 

For aqueous solutions of paramagnetic substances about 2% of t-butyl alcohol is 

1 Evans, Proc. Chem. Soc., 1958, 115. 

* Dickinson, Phys. Rev., 1951, 81, 717. 


% Phillips, Looney, and Ikeda, J. Chem. Phys., 1957, 27, 1435. 
4 Bothner-By and Glick, J. Chem. Phys., 1957, 26, 1647. 
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incorporated as an inert reference substance, and a capillary containing the same concen- 
tration of t-butyl alcohol in water is also placed in the nuclear magnetic resonance tube 
which is spun during the measurement. (The change in the susceptibility of the dissolved 
compound caused by the t-butyl alcohol will normally be completely negligible.) Two 
resonance lines will normally be obtained from the methyl protons of the t-butyl alcohol 
in the two solutions owing to the difference in their volume susceptibilities, with the line 
from the more paramagnetic solution lying at higher frequencies. The mass susceptibility, 
y, of the dissolved substance is then given by the expression 


34f . _ , %o(4o — 4s) 


ae... In 2 
4 Oxfm | * m haha a oes 


where Af is the frequency separation between the two lines in cycles/sec., f is the frequency 
at which the proton resonances are being studied, in cycles/sec., m is the mass of substance 
contained in 1 ml. of solution, y) is the mass susceptibility of the solvent (—0-72 x 10° 
for dilute t-butyl alcohol solutions), d, is the density of the solvent and d, that of the 
solution. For highly paramagnetic substances the last term can often be neglected 
without serious error (2% for NiCl, solutions). Acetone or dioxan can also be used in 
place of t-butyl alcohol or, for non-aqueous solutions, cyclohexane or tetramethylsilane.° 
Alternatively a resonance line of the organic solvent itself can be used as a reference, 
provided there is no interaction with the solute. 

Results obtained for various paramagnetic substances are given in the Table, and are 
in satisfactory agreement with the literature values. 


Mass-susceptibilities in solution at 20° +- 1°. 


10*y calc. 
Substance Concn. (M) * from eqn. (2) 10%, (lit.) 
GD) distasreiecetsmnienensis 0-162 34-00 + 0-2 34-20 + 0-1¢ 
Pa eS SARS Ie ; 0-081 34-14 + 0:3 34-20 + 0-1°¢ 
DIU Siavavdesetsssnesesiicsseriene 0-0788 9-6 10-1° 
MaGPONENE sescccrecaccsvsverscecse 0-061 7-67 8-24,° 6-32 4 
NH,{[Cr(CNS),(NH3).] .......-- 0-0152 18-6 17-4 °¢ 
PRG he ILE EYE” cecesnccresesveces 0-0475 § 2-46 2-07,/ 2-75,9 2-70 * 
* In 2% aqueous t-butyl alcohol, except for diphenylpicrylhydrazyl § which is in 10% cyclo- 
hexane (reference)—90% benzene (v/v). t At 20-0° + 0-2°. 


* Selwood, ‘“‘ Magnetochemistry,” Interscience, New York, 1956, p. 25. ° Amiel, Compt. rend., 
1941, 218, 240. * Sloth and Garner, J. Chem. Phys., 1954, 22, 2064. ¢ Gray and Birse, J., 1914, 
105, 2707. * Berkmann and Zacker, Z. phys. Chem., 1926, 124, 318 (solid; temp. not stated). 
‘ Turkevich and Selwood, J]. Amer. Chem. Soc., 1941, 68, 1077 (solid). % Miiller, Miiller-Rodloff, 
and Bunge, Annalen, 1935, 520, 235 (benzene solution). * Ref. g (solid). 


Care should be taken that the concentration of solute is not too high, otherwise the 
line from the solution will be too broad. The relative magnitude of this effect varies 
considerably. Thus it is much smaller for nickel or cobaltous complexes than for cupric 
or chromic complexes (cf. Conger and Selwood °). 

One particular advantage of the method described above is that only about 0-2 ml. of 
solution is required. Less than 0-03 ml. of solution can be measured if the concentration 
of the reference substance is increased somewhat, and the solution to be examined is placed 
in a narrow capillary tube. In this case the reference solution is contained in the main 
nuclear magnetic resonance tube which, for small frequency shifts, should preferably be 
of narrow bore to avoid large differences in the intensities of the two resonance lines. The 
contribution to the measured susceptibility caused by additional diamagnetic solutes 
(including ligand molecules) can be eliminated by including an equal concentration in 
the reference solution. 


5 Tiers, ]. Phys. Chem., 1958, 62, 1151. 
* Conger and Selwood, J. Chem. Phys., 1952, 20, 383. 
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EXPERIMENTAL 


Measurements were made at 40 Mc./sec. on a Varian V4300B spectrometer. 5-mm. o.d. 
(3-5-mm. i.d.) spinning sample tubes were used, with loose thin-walled capillary tubes ~2-5 mm. 
o.d. Precision-bore tubes, with the capillary mounted centrally,? were not available but 
would probably prove advantageous. Line separations were measured by the conventional! 
side-band technique, with a Muirhead decade oscillator. The 50 cycles/sec. mains frequency 
was also used as a more precise standard with the nickel chloride solutions. The accuracy of 
this frequency during the time measurements were made was kindly confirmed by an engineer 
at the local Power Station. 

Nickel chloride solutions (from ‘‘ AnalaR”’ nickel chloride) were analysed for nickel by 
precipitation with dimethylglyoxime. NH,{Cr(CNS),(NH;),],H,O was once recrystallised 
from water. aa«-Diphenyl-f-picrylhydrazyl was prepared as described by Goldschmidt,’ and 
twice recrystallized from carbon disulphide. ‘‘ AnalaR’”’ copper sulphate pentahydrate and 
““ AnalaR ”’ potassium ferricyanide were used directly. 


The author thanks Dr. L. Pratt for helpful discussions. 


INORGANIC CHEMISTRY RESEARCH LABORATORIES, 
IMPERIAL COLLEGE, LONDON, S.W.7. [Received, February 10th, 1959. 


7 Zimmerman and Foster, J. Phys. Chem., 1957, 61, 282. 
8 Goldschmidt, Ber., 1922, 55, 628. 





401. Infrared Spectra of Natural Products. Part XII.* 
Triterpenoid and Diterpenoid Carboxylic Acids. 


By A. R. H. Coxe and A. J. MICHELL. 


The infrared spectra of a group of triterpenoid and diterpenoid carboxylic 
acids have been measured in carbon tetrachloride and chloroform and a few 
in carbon disulphide and dioxan solutions. Hydroxyl and carbonyl 
frequencies are given for the monomeric and the dimeric acids, and the 
distribution of the acids between monomer and dimer is studied in the 
different solvents. Most of the acids exist as monomer in dioxan, 
predominantly as monomer in chloroform, and predominantly as dimer in 
carbon disulphide and tetrachloride. In the carbonyl region the change from 
mostly dimer (~1695 cm.) in carbon tetrachloride to mostly monomer 
(~1735 cm.~1) in chloroform can be useful in identifying an unknown com- 
pound as an acid since all other types of carbonyl function absorb at lower 
frequencies in chloroform. Dicarboxylic acids and polyhydroxy-acids might 
exist as dimers in all solvents if the substituent groups are favourably oriented 
for the formation of more than one hydrogen-bond system. 


CARBOXYLIC ACIDs in the polyterpenoid field can often be isolated and purified more readily 
than alcohols and hydrocarbons but, in general, they are not so convenient for infrared 
structural analysis. They form very strong intermolecular hydrogen-bonds and hence are 
usually sparingly soluble in the non-polar solvents which are best for infrared work, and 
their spectra }* are complicated by the presence of various proportions of dimeric and 
monomeric molecules. It is usual to overcome these difficulties in degradative work by 
converting acids into methyl esters, but, as part of a programme based on correlations of 


* Part XI, J., 1959, 1224. 


1 Davies and Sutherland, J. Chem. Phys., 1938, 6, 755. 

2 Shreve, Heether, Knight, and Swern, Analyt. Chem., 1950, 22, 1948. 

3 Flett, J., 1951, 962. 

* Hadzi and Sheppard, Proc. Roy. Soc., 1953, A, 216, 274; Harris and Hobbs, J. Amer. Chem. Soc., 
1954, 76, 1419; Bratoz, Hadzi, and Sheppard, Spectrochim. Acta, 1956, 8, 249; Wenograd and Spurr, 
J. Amer. Chem. Soc., 1957, 79, 5844. 








2006 Cole and Michell: 


triterpenoid structures with infrared spectra, we have investigated the spectra of dilute 
solutions of the acids themselves in a number of solvents.® 


Experimental.—_The experimental conditions were as in Parts V and VIII of this series.® 
Cells of 10 mm. path length were often necessary because of the low solubility of some of the 
compounds. 


Results and Discussion.—Most of the acids studied in this work are triterpenoids based 
on oleanane (I), ursane (II), or lupane (III). Of the others one is a degradation product of 
lanosterol, one is coprostan-27-oic acid,* and four {(IV)—(VII) 


are diterpenoids. 
Propionic and benzoic acid are included for comparison. 





ENH 
(11) (111) 
Oleanane Ursane Lupane 
CO;H CO3H COOH CO2H 
CH-CO,>H 
CH=CH) I 
(IV) OH (V) (V1) (VII) 
Podocarpic Dehydroabietic Dextropimaric Agathenedicarboxylic 
acid acid acid acid 


Their hydroxyl and carbonyl stretching frequencies in carbon tetrachloride and chloro- 
form solutions are given in Table 1, where maximum values of the apparent molar 
extinction coefficients are given for those compounds soluble enough for quantitative 
measurements. 

Hydroxyl absorption. Carboxylic acids exist in these solvents in varying proportions 
of monomer and dimer (see below). The carboxyl-hydroxyl absorption of the monomer 
(in CCl,) occurs at about 3535 cm.-! and is easily distinguished from alcoholic-hydroxyl 
absorption near 3630 cm. , while that of the dimer is extremely broad and underlies the 
C-H stretching absorption at much lower frequencies‘ (Fig. 1). Alcoholic-hydroxyl 
frequencies are lowered by about 10 cm. in chloroform while the monomer carboxyl- 
hydroxyl frequency falls by 15—25 cm.?. Absorption of chloroform interferes with 
hydroxyl measurements on the dimer. 

The absorption frequency of the equatorial secondary 3-hydroxyl group (3630 cm.“) 
for a number of the compounds is consistent with previous measurements on triterpenoid 
alcohols,*:® while the high frequency for $-boswellic acid (3638 cm.) shows that this 
hydroxyl group is axial. The absence of absorption due to intramolecular hydrogen- 
bonding ! means that the 4-carboxylic group is also axial, thus establishing the structure 


5 Michell, Thesis, W. Australia, 1956. 

® Cole and Thornton, /., 1956, 1007; Cole and Willix, /., 1959, 1212. 
? Bridgwater and Haslewood, Biochem. ]., 1952, 52, 588. 

® Allsop, Cole, White, and Willix, /., 1956, 4868. 

* Cole, Miiller, Thornton, and Willix, J., 1959, 1218. 

1 Cole and Miiller, J., 1959, 1224. 
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of this region of 8-boswellic acid 5 in agreement with the chemical evidence of Beton, 
Halsall, and Jones." 

The phenolic-hydroxyl frequency of podocarpic acid (3618 cm. in CCl,) is also readily 
distinguished from those of the secondary alcoholic compounds. The apparent molar 
extinction coefficients of the hydroxyl absorption may be inaccurate because of low 
solubility, but they indicate the order of magnitude of the intensities, and the increase in 
the intensity of the monomeric carboxyl-hydroxyl band on change from carbon tetra- 
chloride to chloroform is consistent with the measurements in the carbonyl region (see 


FIG Spectrum of B-boswellic acid in the hydroxyl and C-H stretching regions (CCl, solution). 
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below). However, the proportions of monomer and dimer are not identical for the two 
regions since the solutions used for the hydroxyl absorption were, of necessity, much more 
concentrated. 

C-H Stretching absorption. All terpenoids show strong absorption near 2900 cm. due 
to the stretching vibrations of the alphatic C-H bonds (Fig. 1). However, this absorption 
is not very sensitive to small changes in molecular structure and provides very little useful 
information. Ethylenic C-H stretching absorption on the high-frequency side of the 
main band is often useful in identifying unsaturated centres, but the absorption is relatively 
weak and is obscured by the broad hydrogen-bonded dimer absorption in the spectra of 
the acids. Even the vinylidene band at 3070 cm. (e ~ 40) which is usually easy to find 
was not visible in the spectrum of dextropimaric acid. The spectra of the acids were all 
measured in this region, but since no new information was obtained they will not 
be considered further. 

Carbonyl absorption. The physical state in which carboxylic acids are examined has a 
direct effect on the carbonyl frequency. The carbonyl bands of monomer and dimer are 
easily resolved (Table 1) and their intensity ratio indicates the degree of association under 
different conditions.* Table 1 shows that the monomer carbonyl frequency measured in 
chloroform is approximately 10 cm. lower than in carbon tetrachloride and carbon 
disulphide, while that of the dimer is the same for all solvents. In dioxan the acids are 


* A broad band centred near 1714 cm. reported by Cole and Thornton * for a few triterpenoid acids 
in chloroform is now known to be due to hydrogen-bonding to ethanol (0-5%) present in the solvent as 
stabiliser. Most types of carbonyl group can be studied in the presence of the ethanol, but for the 
carboxylic acids with their much greater tendency to form hydrogen-bonds it must be removed. For 
the present work this was done with silica gel.™* 


11 Beton, Halsall, and Jones, J., 1956, 2904. 
18 Cole, Fortschr. Chem. org. Naturstoffe, 1956, 13, 17. 
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mainly monomeric (see below) and the carbonyl frequency is 7—13 cm.+ lower than in 
chloroform. These (monomer) solvent effects are similar to those reported for simpler 
carbonyl compounds,!* although here the greater lowering in dioxan should be noted. 
The absence of a differential solvent shift in the case of the dimer must be due to the 
difficulty of approach of solvent molecules to the “ internal’ carbonyl groups, an effect 
similar to that reported by Bayliss, Cole, and Little 1* for the C-C bond of acetonitrile in a 
variety of solvents. 

There is a marked increase in the proportion of monomer to dimer in changing from 
carbon tetrachloride to chloroform. This is in the expected direction since the polar 
solvent would stabilise the more polar monomeric form. The proportion of monomer is 
about the same in carbon disulphide as in carbon tetrachloride, while in dioxan the acids 


Fic. 2. Carbonyl region of the spectrum of B- Fic. 3. Carbonyl region of the spectrum of acetyl- 
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exist almost completely as monomer. However, in the latter solvent there is some 
tendency to form a hydrogen-bond to a dioxan-oxygen, as shown by the small broad band 
near 1640-1650 cm.}. 

The change from predominantly dimeric in carbon tetrachloride to monomeric in chloro- 
form was followed quantitatively for $-boswellic acid in mixtures of the two solvents 
(Table 2 and Fig. 2). The isosbestic point for the system is at 1708 cm. (e 110). These 
curves also show clearly the constant frequency of the dimer, the solvent shift of the 
monomer, and the broader shape of the bands in chloroform. 


TABLE 2. Carbonyl frequencies (cm.), and apparent molar extinction coefficients (in 
parentheses), for B-boswellic acid in carbon tetrachloride—chloroform mixtures (see Fig. 2). 


Curve no. Mole fractions Curve no. Mole fractions 


(Fig. 2) CCl, CHCl, Monomer’ Dimer (Fig. 2) CCl, CHCl, Monomer Dimer 
l 1 0 1737(165) 1694(455) 4 0-16 0-84 1731(250) 1694(255) 
2 0-75 0-25 1736(170) 1694(415) 5 0 1 1730(345) 1694(145) 
3 0-52 0-48  1731(190) 1694(340) 


In structural analysis the monomer-dimer change can be useful in showing that 
carbonyl absorption is due to the presence of a carboxyl group, since the more intense part 
of the absorption appears to move to a higher frequency in chloroform whereas other types 


#8 Josien and Lascombe, Compt. rend., 1954, 238, 2414; Bayliss, Cole, and Little, Austral. J. Chem., 
1955, 8, 26. 
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of carbonyl function move to lower frequencies. It can also be helpful in separating over- 
lapping absorption if quantitative measurements are not used to determine the number of 
carbonyl groups in a compound.™* For example, in the spectrum of acetyloleanolic acid 
(Fig. 3) the acetate-carbonyl band lies between that of the monomer and the dimer and, in 
chloroform, the slightly resolved shoulders at 1731 (monomer) and 1695 cm.* (dimer) 
could easily be missed, especially if a sodium chloride prism is used, whereas the carbon 
tetrachloride solution shows conclusively that two types of carbonyl function are present. 
The fact that the degree of association is approximately equal in carbon tetrachloride 
and carbon disulphide is important since the former solvent is the best (most transparent) 


for infrared work between 2-5 and 8 pu while the latter is the best liquid for the range 8 
15 uw. It is thus possible to obtain the complete spectrum in solution between 2-5 and 
15 u with the acid in approximately the same state of association. 

The low solubilities of hederagenin and quinovic acid, which prevented measurements 
in the hydroxyl region in either solvent and in the carbonyl region of the former in carbon 
tetrachloride, can be explained in terms of hydrogen-bond formation. Hederagenin has 
the possibility of dimerisation involving carboxyl-carboxyl, carboxyl-alcohol, or alcohol— 
alcohol hydrogen-bonds. The existence of the first two of these types is indicated by the 
two dimer carboxyl bands (1697, 1682 cm.~') in chloroform solution. Of these, that with 
the higher frequency must belong to the carboxyl-carboxyl system since it occurs in all 
the other acids, and the band at 1682 cm. to the carboxyl-alcohol bond. The intensity 
and appearance of the hydroxyl absorption of the monohydroxy-acids and absence of 
such low-frequency carbonyl absorption shows that they have none of this type of bonding 
in solution, although it could occur in the solids. 

Quinovic acid exhibits similar absorption, but is sufficiently soluble in carbon tetra- 
chloride to allow qualitative carbonyl measurements. The spectrum shows that it exists 
completely in the hydrogen-bonded form even in chloroform solution. 

Trisnorlanostenolic acid, with a primary carboxyl group, also forms very strong 
hydrogen-bonds and is not soluble enough in carbon tetrachloride for measurement. In 
chloroform, its monomeric carbonyl absorption is very broad, probably because of easy 
access of solvent molecules to the primary group, and the dimer absorption at 1710 cm.! 
could not be properly resolved from it. 


TABLE 3. Miscellaneous absorption frequencies (cm."). 


In CCl, In CHCl, In CCl, In CHCl, 
A cetate-carbonyl groups 3-Ketones 
1734 Acetyloleanolic acid 1724 1707 Dihydrobetulonic acid 1699 ¢ 
1734 Acetyl-18-isooleanolic acid 1725 1707 Methyl dihydrobetulonate 
1737 Gypsogenin acetate 1730 Vinylidene C=C frequency 
HtSS 9 Aattytestuie ects 1723 | 1643 Acetylbetulic acid 1642 
1644 Agathenedicarboxylic acid 1644 


* Indistinguishable from dimeric acid absorption. 


A number of miscellaneous band frequencies which were recorded are given in Table 3. 
They are consistent with those previously reported for similar triterpenoids.® 

Other characteristic carboxylic acid absorption bands. (i) Near 1400 cm.+. Filett * and 
Hadzi and Sheppard * have described a band between 1395 and 1440 cm." in a large 
number of acids. This is a region of strong methyl and methylene absorption in terpenoid 
and steroid spectra, and although bands undoubtedly associated with the carboxyl group 
were found for some of the present compounds (coprostanic acid 1418 cm.-, 8-boswellic 
acid 1410 cm.) it does not appear to be a useful region for structural information in 
this field. 

(ii) Near 1250 cm.. A band near 1250 cm. appeared in the spectra of all the acids 
examined by Flett,? and Shreve e¢ al.2 and Freeman © described a doublet near 1280 and 


4 Ramsay, J. Amer. Chem. Soc., 1952, '74, 72; Jones, Ramsay, Keir, and Dobriner, ibid., p. 80. 
18 Freeman ibid., p. 2523. 
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1240 cm.1. Of the acids in the present work which were studied beyond the calcium 
fluoride region, most show this doublet strongly, with some variation in the intensity ratio 
of the peaks (Table 4). 


TABLE 4. Absorption frequencies (cm.) near 1250 cm.1 Apparent molar extinction 
coefficients (CS, solutions) are given for the more soluble acids. 


Ceeee BN cisnisccc.cescs 1270, 1237 Acetyloleanolic acid ......... 1270(200), 1241° 
B-Boswellic acid ............ 1262(175), 1240¢ Coprostanic acid ............ 1288, 1236 
6-Oleanolic acid ............... 1266, 1228 PRORECIES OCIE  ..00c0c0000005 1280(95), 1234(135) 
Dihydrobetulonic acid ...... 1273(330), 1240(525) Benzoic acid ................+. 1283(370) 


* Partially resolved shoulder. ° Mostly acetate absorption. 


(iii) O-H Deformation absorption. A band near 935 cm. has been assigned (Hadzi 
and Sheppard *) to the OH out-of-plane deformation mode of the dimeric acids. This 
appeared as a broad, fairly intense band in the spectra of benzoic (933 cm.” ), propionic 
(932 cm.-1), 8-boswellic (946 cm.*), and coprostanic acid (984 cm.) in this work. For 
some of the other acids, particularly those with tertiary carboxyl groups and those contain- 
ing other oxygenated groups with fairly intense bands in the range 900—1100 cm.* it did 
not stand out and might not always be of use in structure determinations. 


The authors are grateful to Professor D. H. R. Barton, F.R.S., who supplied most of the 
compounds. The infrared spectrometer was purchased through a generous grant from the 
Nuffield Foundation. 

UNIVERSITY OF WESTERN AUSTRALIA, 

NEDLANDS, W. AUSTRALIA. [Received, August 25th, 1958.] 





402. Spectra of Arylammonium Ions. 
By I. G. Ross and M. LorraInE TONNET. 


The intensities of weak electronic absorption bands in solutions of aryl- 
ammonium ions, including tri-N-methylanilinium ion, are _ essentially 
insensitive to the ionic strength of the solution and to the nature of the 
solvent. These intensities remain difficult to reconcile with present theory. 


Ir has long been recognized }:? (sometimes under the title of “‘ Waterman’s effect ’’) that 
the electronic spectra of aromatic and heteroaromatic molecules are virtually unaffected 
by the attachment of an ~-NH,* group, whereas in the corresponding amines the spectra 
are shifted towards the red and greatly intensified. Sklar * accordingly concluded that 
purely inductive, as opposed to mesomeric effects could be neglected in the theory of 
substitutional spectral shifts. 

It is not surprising that there should be a marked difference in effectiveness between 
the two types of perturbation,‘ but it has proved difficult to understand why —NH, 
groups should have no significant effect. This is especially so in the case of the 2600 A 
system of benzene and the 3200 A system of naphthalene, which are intrinsically very 
weak and depend upon perturbations, ordinarily provided by certain vibrations, for their 
intensities. The perturbation provided by a whole electronic charge close to the ring 
should be large, and in reaction kinetics it shows up clearly in the strong meta-directing 
properties of the -NH,* group.> Consequently, it is hardly surprising that calculations 
[by Prof. D. P. Craig and one of us (I. G. R.); unpublished because so unsuccessful] of the 
intensity of the 2600 A system of C,H,*NH,* consistently predict large enhancements 

1 Ramart-Lucas and Wohl, Compt. rend., 1933, 196, 1804. 

* Harberts, Heertjes, van der Hulst, and Waterman, Bull. Soc. chim. France, 1936, 3, 643. 

3 Sklar, J. Chem. Phys., 1939, 7, 984. 

* Goodman, Ross, and Shull, ibid., 1957, 26, 474. 

5 = Chem, Rev., 1934, 15, 225. 
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relative to benzene; yet the standard types of molecular wave-function are quite well 
suited for calculations of the x-electron polarizability of benzene ®’—a closely related 
quantity. The model used in the calculations on the anilinium ion was a benzene ring 
with a charge +e located at the observed C-N bond distance, but it was consistently found 
that even a charge as small as 0-le should measurably alter the spectrum (whose intensific- 
ation is roughly proportional to the square of the perturbing charge). 

This disagreement between calculation and experiment caused us to reconsider the 
validity of the model. A free-ion spectrum cannot be studied alone; the amines are weak 
bases and their spectra have all been recorded in aqueous acid solutions of strength 0-01m 
or more. It seemed possible, therefore, that the full effect of a positively charged 
substituent might be heavily reduced by an oppositely charged ionic atmosphere or by 
solvation of the -NH,* group. If so, then the intensity should vary with ionic strength, 
nature of the cations present, and polarity of the solvent. 

Spectra in the literature are insufficient to resolve this question, so we examined closcly 
those of anilines and naphthylamines in a variety of solvents, concentrating on the two 
band systems cited above since they, especially, should be sensitive to changes in molecular 
environment. As a preliminary, the spectrum of benzene was investigated in water, 
4m-hydrochloric acid, and 4m-sodium chloride and found to be identical in all three media. 

The substances studied (references are to previous measurements of their acid solution 
spectra) were aniline,®*°, N-methylaniline, di-N-methylaniline,* tri-N-methylanilinium 
chloride, and 1-* and 2-naphthylamine.®® The ions added were H*, K*, Na*, Li*, Cl-, 
ClO,-, SO,?-, selected because their absorptions are not too intense in the regions of 
interest. Representative spectra are shown in the Figure along with the molar extinction 
coefficient, ¢, of the strongest peak and the f value (omitted for the naphthylamines because 
a stronger transition underlies the 3200 A system). 

The spectra are clearly insensitive to environment, the small variation observed being 
not far beyond the accuracy of the measurements (determined largely by purity), and in 
any event nowhere exceeding 5%. Particularly significant are the results on the 
previously unstudied quaternary salt, tri-N-methylanilinium chloride, which is stable in 
neutral solutions. Its spectrum is virtually the same in water, aqueous solutions of high 
ionic strength, methanol, and hexane containing just enough methanol to allow it to form 
a 0-002m-solution. 

Among the other amines, a close search was made for specific ionic interactions. The 
most marked were in acid-salt mixtures of relatively low H* concentration and could 
safely be attributed to activity effects and the presence of traces of free base. At acid 
concentrations above 0-1M, variations of intensity did not exceed 3%, generally increasing 
slightly with increasing salt molarity up to 4m. At constant molarity, substitution of 
ClO, for Cl- had no effect, and SO,?~ (from observations on 1-naphthylamine only) caused 
a slight decrease in intensity. Partial replacement of H* by alkali-metal ions only very 
slightly (<3) altered the intensity. 

N-Methylation of anilinium ion increased the intensity by approximately 6% for each 
methyl group added. Some intensification is expected as the mass of the substituent is 
increased (the f value for hexachlorobenzene is twice that of benzene), but the methylation 
effect is probably partly due to interaction of the methyl groups with the ring (¢.g., via 
hyperconjugation).** 

This work thus emphasizes the generality of the original experimental result; the 
intensities of the spectra of arylammonium ions persistently remain unexpectedly low. 
Polysubstitution also has no demonstrable effect, as is shown by earlier work on the 

* Bolton, Trans. Faraday Soc., 1954, 50, 1265. 

7 Ross and Yates, unpublished calculations. 

® Wohl, Bull. Soc. chim. France, 1939, 6, 1312. 

* Ramart-Lucas, ibid., 1950, 17, 262. 


‘© Moede and Curran, J. Amer. Chem. Soc., 1949, 71, 852. 
11 Jones, ibid., 1945, 67, 2127. 
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phenylenediamines 12" (which, for the meta-compound, we checked). We are forced to 
assume then that the réle of the solvent, whose presence is virtually unavoidable, is 
relegated to that of a polarizable medium surrounding the absorbing species, but we feel 
it must be necessary to take into account its bulk dielectric properties, as well probably 


Absorption spectra of arylammonium ions. 
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Values of ena. in parentheses. 

(a) Aniline. (1) 10N-HCl (181 at 39,300 cm.-'); (2) In-HCl (169; f = 0-0023); (3) 0-1N-HCI (166); 
(4) 0-1nN-HCl (170). 

(6) N-Methylaniline. (1) I1N-HCl (181 at 39,450 cm.-!; f = 0-0026); (2) 0-IN-HCl (177); (3) 0-1N-HCl 
+ 0-9n-NaCl (182). 

(c) Di-N-methylaniline. (1) 1N-HCl (191 at 39,400 cm.!; f = 0-0028); (2) 0-InN-HCl (192); (3) 0-1N- 
HCl + 0-9n-NaCl (188); (4) 0-1N-HCl + 0-9n-LiCl (197). 

(d) Tri-N-methylanilinium chloride. (1) 10N-HCI (218 at 40,500 cm.“); (2) water (214; f = 0-0031); 
(3) 4n-NaCl (207). 

(e) 1-Naphthylamine. (1) In-HCl (502 at 33,200 cm.-4); (2) 0-IN-HCI (465); (3) 0-IN-HCl + 0-9n-NaCl 
(490); (4) 0-IN-HCIO, (480). 

(f) 2-Naphthylamine. (1) 1N-HCl (405 at 33,600 cm.-!); (2) 0-1N-HClI (402). 


as its ability to solvate the charged positions of the ring in a more specific manner, when 
setting up a model for a calculation. The activation by NH,* of the meta-position towards 
electrophilic attack must then be seen as a co-operative effect, specifically involving the 
attacking ion, and thus as a property of the activated complex. 


12 Biquard, Bull. Soc. chim. France, 1936, 3, 909. 

13 Lanning and Cohen, /. Biol. Chem., 1951, 189, 111. 

14 Maschka, Stein, and Trauer, Monatsh., 1954, 85, 188. 

18 Anderson and Steedly, J. Amer. Chem. Soc., 1949, 71, 852. 
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EXPERIMENTAL 


Spectra were measured with a Uvispek spectrophotometer, and some of them checked with 
a Cary Model llinstrument. Cell lengths were 2 cm. and concentrations about 0-:002mM. Some 
measurements with 5 cm. cells and correspondingly diluted solutions revealed no deviations 
from Beer’s law. 

Materials —The substances are prone to oxidation and because the absorption bands 
studied are very weak, impurity concentrations of 0-01% or lower could detectably affect the 
spectra. The criteria of purity are thus much more stringent than those required for measure- 
ments of the same accuracy upon the free bases. The purification procedures were therefore 
repeated till the intensities agreed to within 1%. 

Aniline, N-methylaniline, and di-N-methylaniline were obtained from commercial products, 
each of which, after a preliminary distillation, was fractionated at 760 + 1 mm. in a 5-foot 
spinning-band column. The boiling range was less than 0-1°. They were stored over potassium 
hydroxide, and immediately before use were repeatedly distilled over zinc powder at a pressure 
of nitrogen of 10 mm. till colourless. Solutions were made up by weight, and remained 
spectroscopically stable for several hours. ‘ri-N-methylanilinium chloride was made from 
the iodide by ion exchange on a chloride resin (Amberlite IRA/400) and recrystallized from 
ethyl acetate. Each repurification cycle included further passages through the resin. The 
salt is deliquescent; a concentrated stock solution was analysed by titration of the chloride. 
1-Naphthylamine was refluxed with water to remove the 2-isomer and distilled in nitrogen at 
5mm. The base is unstable, but the hydrochloride, purified by recrystallization from a 1: 1 
mixture of ethanol and concentrated hydrochloric acid, can be preserved in an inert atmosphere. 
2-Naphthylamine was prepared by hydrolysing the purified N-acetyl derivative; the hydro- 
chloride was recrystallized from concentrated hydrochloric acid. Inorganic chemicals were of 
Analytical Reagent grade. 


We thank Mr. I. Reece of the N.S.W. University of Technology for the Cary spectrophoto- 
meter measurements. 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF SYDNEY. (Received, November 12th, 1958.]} 





403. Vibrational Spectra and Assignments of Chloropicrin and 
Bromopicrin; Some Corrections and Additions. 


By Mrs. J. MAson (BANus), J. DUNDERDALE, and A. H. CASTELLI. 


The assignments of two of the fundamental frequencies of the chloro- 
picrin molecule have been altered, since the expected band contour types 
were derived from calculated moments of inertia, two of which have been 
shown by recent measurements of the molecular dimensions to be in the 
wrong order. This has necessitated alterations in two corresponding bromo- 
picrin assignments. 

Improved spectra of chloropicrin are presented. 


RECALCULATION of the moments of inertia of the chloropicrin molecule, by use of recent 
measurements ? on the electron diffraction of chloropicrin vapour, as well as those * on the 
microwave spectrum of chloroform, shows that the least moment is 7,, about the axis 
parallel to the C-N bond, and the intermediate one is J,, about an axis in the ONO plane. 
In our assignment ! of the vibrational spectrum of chloropicrin, for comparison with that 
of fluoropicrin, this relationship was reversed, and certain revisions are therefore necessary. 
Improved spectra of chloropicrin (Fig. 1) are now available. 
Table 1 shows the moments of inertia, the symmetry factors,* the contour type for the 
1 Mason and Dunderdale, J., 1956, 759. 
. Barss, ]. Chem. Phys., 1957, 27, 1260. 
4 


Ghosh, Trambarulo, and Gordy, J]. Chem. Phys., 1952, 20, 605. 
Badger and Zumwalt, J. Chem. Phys., 1938, 6, 711. 
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Assignments of Chloropicrin and Bromopicrin. 2015 
different symmetry species, and the separations of the P and R branch maxima for chloro- 
picrin and also for bromopicrin, on the basis of the following “‘ best values ”’ for the dimen- 
sions (A): CCl 1-76, CBr 1-92, CN (chloropicrin) 1-59, CN (bromopicrin) 1-62, NO 1-21; 
ZCICCI 110° 48’, 2 BrCBr 111°, ZONO 127°. 

The order of the moments of inertia is unaltered for the new bromopicrin dimensions, 
so that the earlier band-envelope conclusions for that molecule can stand; the alterations 
in the PR separations are unimportant. 

The most important consequence of the interchange of the A, and B, contour types in 
the chloropicrin spectrum is that the band at 677 cm.' may now be assigned to the missing 


A, NO, deformation mode. This was previously ruled out because of the A type contour, 
Fic. 1. Infrared spectrum of chloropicrin gas. 
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and because it was thought unlikely that the frequency should be so high: the correspond- 
ing frequencies chosen for fluoropicrin and bromopicrin were 604 and 617 cm." respectively, 
and the correlation diagram for the CX,*-NO, fundamentals } (X = H, D, F, Cl, Br) shows 
that the interaction between the two halves of the molecule is usually small. In addition, 


TABLE 1. Moments of inertia and band-envelope calculations. 
Moment of Contour type PR 
inertia for vibns. Symmetry separation 
p S Axis (10-*° g. cm.?) parallel to axis species at 70° (cm.~) 

Chloropicrin 

0-16 0-18 x 654 (648) c B, 13-5 

y 591 (586) B B, 14-6 

Z 554 (551) A A, 12-6 
3romopicrin 

0-21 0-56 x 1161 B B, 10-8 

y 1097 A B, 9-1 

z 1391 Cc A, 10-0 


The moments of inertia in parentheses are calculated from the electron diffraction figures for the 
chloropicrin dimensions; the calculated band envelopes are the same for these as for the ‘“‘ best values " 
given above. 


the NO, symmetric deformation frequencies are 658 cm.“ for nitromethane ® and 632 cm. 
for trideuteronitromethane,® and all the other vibrations (except the NO asymmetric 
stretching mode) have lower frequencies for the halogenopicrin molecules than for their 
lighter analogues, as one might expect. As a further argument against the assignment to 
the A, deformation mode, the 673 cm. Raman line ® is depolarised, as for non-totally 
symmetric vibrations. 

However, it is much more unlikely that the symmetric NO, deformation mode should 


5 Smith, Pan, and Nielsen, J]. Chem. Phys., 1950, 18, 706. 
§ Wittek, Z. physthal. Chem., 1942, §1, B, 103. 
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be inactive than that its frequency should be “ high,” and a high depolarisation factor 
of the 673 cm.' Raman line (which was so weak that the polarisation factor was not 
measured) would not exclude the possibility that the vibration is totally symmetric.? We 
must therefore assume that this mode has a frequency of 677 cm. in the chloropicrin 
molecule, and examine the possibility that the frequencies chosen for fluoropicrin and 
bromopicrin (604 and 617 cm.) are too low. In the fluoropicrin spectrum, however, there 
is no absorption between the 604 and the 750 cm.* band system, and the assignment of 
the asymmetric NO, deformation mode to the latter is precluded by the much higher 
frequency, the demands of the CF symmetric deformation mode, and the good contour, 
which suggests that only one fundamental is involved. 

In the bromopicrin spectrum there is a band at 669 cm."!, which was assigned to the 


TABLE 2. Frequency assignment of the vibrational spectrum of chloropicrin. 
Raman,* 
IR, gas IR, liq. liq. 
(cm.~?) (cm.~!) (cm.-) DP¢ Assignment 
3236 ‘w . — 2 x 1625 = 3250 A, 
2916 ¢s . oe _ 1625 -+- 1311 — 2936 B, 
2703 ‘vw oe _ 1625 + 677 + 412 — 2714 A, [A] 
etisiiea ; = ; § 1625 + 1311 — 287 = 2649 ~= A,-—s*&€[A} 
2646 *m — = 1625 + 717 + 296 = 2638 «= 4, [A 
2611 *‘m _- — 2 x 1311 = 2622 A, 
2462 ‘vw o=_ : “ 1625 + 846 = 2471 B, 
2336 ‘m _ — 1625 + 717 = 2342 1, [Aj] 
f 1625 +- 2 x 296 = 2217 B, 
2208 “w . _ ne 1625 + 296 + 287= 2208 4, [A,] 
| 1625 + 2x 287=2199 B, B, 
2160 *w _ ~— _ 1311 + 846 = 2157 A, 
2119 °w - ~ — 1625 -+- 296 + 202 = 2123 A, [4A,] 
2028 ¢w -_ 1625 + 412 = 2037 4, [4A,] 
1905 ¢w -_ _ 1625 +-287= 1912 4, [A,} 
comek® _ — 1625 + 202 = 1827 4, [Ay] 
1754 ¢w _ _ . 1311 + 439 = 1750 A; 
1701 ‘vw —_ — _ 2x 846 = 1694 Ay 
9 
a }vs 1610 vs 1607 m 0-79 NO asym. str. B, 
1520 ¢m . —_ 846 + 677 = 1523 A, 
1500 ¢w — 1311 + 202 = 1513 B, B, 
1484 °w _ 846 -+ 439 + 202 = 1487 B, B, 
a ; _—- # 1625 — 202 = 1423 A, [Aj] 
1610 °w (7174. 412+ 987=1416 B, B, 
tis - ‘ 717 + 677 = 1394 B, B, 
ides («677 4+ 412 + 296 — 1385 OBS 
1361 
1355 >m 1350 m 1345 m - 2 x 677 1354 A, 
1349 
1311 vs 1307 s 1310s 0-49 NO sym. str. A, 
1286 w 1277 w 1275 vw ' 846 -- 439 — 1285 A, 
1243) ae ae 
1235} — 846 + 412 — 1258 B, B, 
1179 ¢w _ . _ 1625 — 439 = 1186 B, 
1155 ¢w . _ 717+439=1156 B, B, 
f 846 + 296 = 1142 A, 
1133 w — 846 + 287 = 1133 B, B, 
717 + 412 = 1129 A, [As 
1116 °w om 1105 vw 677 + 439 = 1116 A, 
1070 vw ; a 677 + 2 x 202 = 1081 A, 
1057 w — 846+ 202= 1048 B, B, 
iia mY f 846 + 202= 1048 B, B, 
0 _ 5 2 
eS ve 1OSS vw 1311 —287— 1024 B, B, 
007 vw 1311 — 296 = 1015 A 
1007 vw 717 + 287= 1004 A, [A,] 
1003 ¢w _ _ — 717 + 287 = 1004 =A, *[A,) 





? Herzberg, “‘ Infrared and Raman Spectra,” Van Nostrand, New York, 1945, p. 
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TABLE 2. (Continued.) 


Raman,‘ 
IR, gas IR, liq. liq. 
(cm.~) (cm.~) (cm.~?) DP Assignment 
916 
909 ¢{. : f 717 + 202 = 919 A, [A,]) 
sos fS 686s ee a. 1311 — 412 = 899 Bi Bs 
888 
876)... f 677 + 202 = 879 B, B, 
868 J 858 s 865 vw — 4 2 x 439 = 878 A, 
1311 — 439 = 872 4, 
-) 
=| 842 m 843s 0-27 CN str. A, 
840 
al 
= | m  733w Jit - 439 + 296 = 735 A, 
725 ¢s — — — 439 +- 287 = 726 B, B, 
717s 707m 710s nm CCl asym. str. B,+B, 
689 *m — —_ — 412 + 287 = 699 1 (4, 
682-5 
677 >m 670 m 673 w dp NO, sym. def. A, 
670-5 
598 Ww nA we | 296 + 202 = 498 B, B 
533 w sda t 717 — 202 = 515 4, [Ag] 
445 m 439 vs 0-09 CCl sym, str. A, 
422 vw ~ NO, rocking B,+ B, 
296 s 0-66 CCl sym. def. A, 
287s . dp CCl, rocking B,+B, 
202 vs _ 081 CCl asym. def. B,-+- B, 


* Wittek.6 © New bands (see Experimental section). [] = Forbidden species. 


CBr B, stretching mode (contour type B). The observed contour is, however, structure- 
less, and might just as well be type A as type B, so that in view of the chloropicrin assign- 
ment this higher frequency must be considered preferable for the NO, symmetric deform- 
ation vibration in bromopicrin, particularly since the Raman line is polarised (DP = 0-75). 

The descriptions of some of these vibrations, such as the NO, symmetric deformation 
and the CN stretching vibration, are only approximate, since it is likely that these two 
(for example) are coupled with each other and with lower A, frequencies in the chloro- and 
bromo-picrins; the CN stretching vibration for fluoropicrin, at 863 cm., is probably 
coupled with the CF symmetric deformation at 751 cm.+, which in turn may mix with 
the NO, symmetric deformation vibration at 604 cm.1. 

Now that the 677 cm. frequency in the chloropicrin spectrum and the 669 cm." 
frequency in the bromopicrin spectrum are assigned to the NO, symmetric deformation 
modes, the other fundamentals previously assigned to these frequencies should probably 
be located elsewhere (the bands are of medium intensity only). These are the CCl B, and 
the CBr B, stretching modes. It is quite likely that for chloropicrin and for bromopicrin 
the B, and B, CX stretching modes are degenerate, or nearly so, for they are only split to 
the extent of 10 cm.* in the fluoropicrin spectrum, and increase in weight of the atom X 
may well decrease the splitting. Thus both the CCl asymmetric stretching modes may be 
assigned to the very broad amorphous-looking band at 717 cm." in the chloropicrin 
spectrum, and both the CBr asymmetric stretching modes to the broad A- or C-type band 
at 617 cm. in the bromopicrin spectrum. 

If the CN bond is significantly longer in chloropicrin and in bromopicrin than in fluoro- 
picrin, the assignment of the CN stretching mode (863 cm." for fluoropicrin) should perhaps 
be transferred from 846 cm. (chloropicrin) and 840 cm. (bromopicrin) to lower fre- 
quencies. However, chloropicrin does not absorb in the region between the 846 and the 
740 cm. band system, the 843 cm.~? Raman line is polarised, and this frequency cannot 
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be assigned as a combination or difference tone, so the earlier assignment must stand. In 
the bromopicrin spectrum there is a band at 810 cm.+, the intensity of which is very high 
for a combination band, but there are several arguments against assigning this frequency 
to the CN stretching vibration, particularly in view of the chloropicrin value. One is that 
the greatest change in C-N bond length in the CX,*NO, series (change in mass seems less 
important in this connection) probably occurs between fluoropicrin and chloropicrin, so 
that one might expect the CN stretching frequencies to be closer for bromopicrin and 
chloropicrin than for chloropicrin and fluoropicrin. Another is that at least two com- 
bination tones and possibly two overtones may contribute to the high intensity of the 810 
cm. band; in the spectrum of the liquid the band is a doublet, with peaks at 805—810 
and at 790—795 cm.", and the first overtones of the B, and B, rocking modes would 
absorb at 788 cm.*. 

The high intensity of the chloropicrin doublet at ca. 870 cm.* is not explained by the 
sum and difference frequencies that can be assigned to it; perhaps the results of a normal 


Fic. 2. Section of the CX,*NO, correlation diagram, showing the revised fundamental frequencies. 
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co-ordinate treatment (which is in hand) of the CX,*NO, series will help to explain some 
of the oddities of the intensity distribution in the chloropicrin and bromopicrin spectra. 

The frequency assignments for the vibrational bands of chloropicrin are shown in 
Table 2. Fig. 2 is a section of the halogenopicrin correlation diagram showing the revised 
chloropicrin and bromopicrin fundamentals, which agree with the non-crossing rule. A 
fuller account of the spectra, tables of fundamentals, and acknowledgment of previous 
work, is in the earlier paper.’ 


Experimental.—New measurements of the chloropicrin spectrum were made (by A. H. C.) 
with a Perkin-Elmer model 21 infrared spectrophotometer, with a sodium chloride prism. 
The chloropicrin (Eastman Kodak white label, re-distilled) was examined as a liquid in 0-254 
mm. thickness, and as a vapour with an absorbing path of 10 or 100 cm. The new bands 
marked © in Table 2 were obtained with the 100 cm. absorbing path, in a multiple reflection 
cell. 


One of us (A. H. C.) thanks the U.S. Army and Picatinny Arsenal for their co-operation. 
We thank also Delia M. Simpson (Mrs. J. N. Agar) for continued advice. 
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404. Aromatic Polyfluoro-compounds. Part II.* Penta- 
fluorophenol. 


By E. J. Forses, R. D. RicHarpson, M. Stacey, and J. C. TATLow. 


Hexafluorobenzene reacts with sodium methoxide to give pentafluoro- 
anisole which when heated with aluminium chloride yields pentafluorophenol. 
This strongly acidic phenol has been fully characterised and shown to resist 
nucleophilic attack. Its hydrazinium salt is formed when pentafluoroanisole 
reacts with hydrazine hydrate. 


THE interesting fluorocarbon, hexafluorobenzene, has recently been prepared in quantity 
by Godsell, Stacey, and Tatlow! and by Hellmann ef a/.2 Both groups of workers have 
shown that the molecule is reactive to nucleophilic agents.'34 An earlier report® had 
indicated that the molecule was stable to electrophilic attack, which is not surprising since 
substitution under such conditions would require the elimination of the fluorine cation 
(F*). Nucleophilic attack, however, occurs readily when hexafluorobenzene reacts with 
sodium methoxide in methanol alone! or admixed with pyridine * or with potassium 
hydroxide in pyridine.* The first reaction, which gives a good yield of pentafluoroanisole, 
was used as the starting point for the present work. The last reaction gives a poor yield 
(20%) of pentafluorophenol. These reactions and others * which involve the elimination 
of a fluoride ion probably occur by way of a reactive intermediate complex analogous to that 
proposed by Bunnett and Zahler ® for aromatic bimolecular nucleophilic substitution. 

Pentafluorophenol was obtained as a liquid in 20% yield by Pummer and Wall® by 
demethylating pentafluoroanisole- with hydriodic acid. Our own experiments using 
hydrobromic acid were no more successful. When, however, the anisole was heated with 
aluminium chloride without a solvent ? pentafluorophenol was obtained in 60% yield as a 
solid, m. p. 39°, which was corrosive to the skin and very acidic. Its dissociation constant 
(4:79 x 10% at 17-5) showed that it was considerably more acidic than phenol itself 
(1-3 x 10° at 25°8) though slightly less acidic than pentachlorophenol (5-5 x 10° at 
25° %). This order of activity can be attributed to the greater power of electron-release 
through back-co-ordination in the fluorine than in the chlorine atom. Similar behaviour 
is shown by #-fluorobenzoic acid and #-fluorophenol, which are weaker acids than the 
corresponding chloro-compounds. Indeed, electron-release from fluorine by this mechan- 
ism is such as to make #-fluorophenol a weaker acid than phenol itself, and will be shown, 
in a subsequent communication, to have an important bearing on the orientation of di- 
substitution products obtained from pentafluoropheny] derivatives. 

The low boiling point of pentafluorophenol, 145—146°, has been attributed to intra- 
molecular hydrogen-bonding,’ and the infrared spectrum, which shows bands at 3636 and 
3448 cm. (free and bonded OH), indicates that this bonding is extensive. The ultra- 
violet spectra of pentafluorophenol and its phenoxide ion closely resemble those of phenol 
and its phenoxide ion. There is, however, an additional maximum at 350 my in the 
fluorophenol spectrum which is not shown by phenol itself but is shown by picric acid. 

Pentafluorophenol was characterised by a number of derivatives, all of which were 
prepared by the usual methods. In addition, it formed a characteristic potassium salt 


* Part I, J., 1959, 166. 


Godsell, Tatlow, and Stacey, Nature, 1956, 178, 199. 
Hellmann, Peters, Pummer, and Wall, J. Amer. Chem. Soc., 1957, 79, 5654. 
Pummer and Wall, Science, 1958, 127, 643. 
Forbes, Richardson, and Tatlow, Chem. and Ind., 1958, 630. 
Desirant, Bull. Acad. roy. Belg., Classe Sci., 1955, 41, 759. 
Bunnett and Zahler, Chem. Rev., 1951, 49, 273. 
Hartmann and Gattermann, Ber., 1892, 25, 3531. 
;, “‘ Handbook of Chemistry and Physics,” Chemical Rubber Publishing Co., Cleveland, Ohio, 39th 
edn., 1957. 
® Tiessens, Rev. Trav. chim., 1929, 48, 1068. 
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which crystallised from water as a dihydrate which could be dehydrated azeotropically 
with benzene. Other salts were formed with organic bases, even as weak as aniline. 

The stability of pentafluorophenol towards attack by nucleophilic agents was marked. 
It was recovered unchanged after prolonged heating with strong alkali, presumably owing 
to the presence of the phenoxide ion which would render the nucleus resistant to nucleo- 
philic attack. It seems likely that the dihydric phenol obtained by Pummer and Wall,® 
from the reaction between potassium hydroxide and hexafluorobenzene in pyridine- 
ethanol-water, arises from an attack of ethoxide ion on the intermediate pentafluoro- 
phenetole, followed by hydrolysis of the ether links with hydroxyl ion. The ready 
hydrolysis of the pentafluorophenyl ether link by nucleophilic agents is illustrated in the 
sequel. 

It was thought that the powerful electron-withdrawing effect of the pentafluorophenyl 
nucleus might confer the properties of an ester or carboxylic acid on the anisole and phenol 
respectively: certainly, the acidity of the phenol is comparable to that of an aromatic 
carboxylic acid. When attempts were made to replace the hydroxyl group of the phenol 
with a chlorine atom no tractable product was isolated. 

The reaction between pentafluoroanisole and hydrazine hydrate gave an interesting 
result. We had expected a straightforward displacement of the methoxyl group by 
hydrazine, as occurs in the reaction with 2 : 4-dinitroanisole.! However, the chief product 
of the reaction under a variety of conditions was the hydrazine salt (I) of pentafluorophenol. 
It was identified by converting it into the potassium salt of pentafluorophenol and isolating 
the hydrazine as its sulphate. The structure was confirmed when the compound was 
obtained directly from pentafluorophenol and hydrazine hydrate in the cold. 


FF 


FF 
oo, 
Pe * HN-NH, re p-dhen, " H.N-NH,; 
F (I) vow (II) 


This salt must be formed from the anisole by a direct displacement of phenoxide ion 
from the methyl group by the nucleophilic hydrazine molecule (cf. II). That the salt of 
hydrazine and not that of methylhydrazine is isolated must be due to the large excess of 
hydrazine which is usually employed in such reactions. 


EXPERIMENTAL 


Ultraviolet spectra were measured for ethanol solutions unless stated to the contrary. 

Pentafluoroanisole—A solution from sodium (7-1 g.) in absolute methanol (740 c.c.) was 
heated under reflux with hexafluorobenzene (49-8 g.). After 6 hr. the mixture was cooled and 
poured into a large volume of water. Pentafluoroanisole separated as an oil and was extracted 
with ether. The extract was dried and filtered, and the solvent removed. Distillation of the 
residue through a short column gave pure pentafluoroanisole (38-1 g., 72%), b. p. 138-—139°, 
n,*° 1-4090 (Found: C, 42-6; H, 1-7; F, 48-1. Calc. for C,H,OF;: C, 42-4; H, 1-5; F, 48-0%). 
Godsell, Stacey, and Tatlow! give b. p. 155—157°, u,!* 1-417, and Pummer and Wall ® give 
b. p. 154—156°: these values were obtained on small samples and are too high. It had 
Amax. 266 mu (¢ 1023), vngx 3010 (aliphatic C-H stretching) and 1524 cm. (fluoro-aromatic 
ring breathing) (liquid film). 

Pentafluorophenol.—(a) Pentafluoroanisole (8-75 g.) was heated with anhydrous aluminium 
chloride (8-5 g.) for 3 hr. at 120°, then cooled in iced water, and the pentafluorophenol was 
liberated by addition of iced water to the powdered mixture with stirring. The phenol was 
extracted with methylene chloride, the extract dried, and the solvent removed. Distillation 
of the residue gave pentafluorophenol (4-68 g., 58%), b. p. 142—144°, m. p. 38-5—-39-5° (Found: 
F, 510%; equiv., 186. Calc. for CHHOF;: F, 51-6%; equiv., 184) [Pummer and Wall® give 
b. p. 72—73/48 mm. and 144—146° (micro-capillary)], Amax 227, 269, and 350 my (< 2640, 990, 
and 198, respectively): the phenoxide ion showed Amay 228 my (ec 13,200) and 273 my (e 2040) 


1© Borsche, Ber., 1923, 56, 1488. 
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(c 0-012 g./l. in 80% ethanolic 0-05n-sodium hydroxide). Infrared bands (liquid film) were at 
3600 cm. (OH warner and 1515 cm. (fluoro-aromatic ring breathing). 

(6) Pentafluoroanisole (2-2 g.) was heated under reflux with hydrobromic acid (20 c.c.; 
d 1-47) for 17 hr. After the heterogeneous mixture had been cooled, the aqueous layer was 
decanted from an oil. A solution of the oil in ether was extracted with 2N-sodium hydroxide 
(30 c.c.). From the ether layer was then obtained unchanged pentafluoroanisole (0-5 g.), and 
from the alkaline extract acidification gave pentafluorophenol (0-2 g.), identified as its toluene- 
p-sulphonate, m. p. and mixed m. p. 62—63°. 

Potassium pentafluorophenoxide dihydrate was obtained when 6N-potassium hydroxide (5 c.c.) 
was added slowly to a solution of pentafluorophenol (0-5 g.) in 6N-potassium hydroxide (3 c.c.). 
The precipitated salt, crystallised from a little water, had m. p. 245° (decomp.) (Found: C, 27-9; 
H, 1-6; F, 36-7. C,OF;K,2H,O requires C, 27-9; H, 1-6; F, 36-8%). The monohydrate, m. p. 
248° (decomp.), was obtained from the dihydrate at 110°/18 mm. in 3 hr. (Found: C, 30-2; 
H, 1-1; F, 39-5. C,OF,K,H,O requires C, 30-0; H, 1-2; F, 39-6%). The anhydrous salt was 
obtained when the dihydrate was boiled with benzene for 5 hr.: removal of the liquid phase 
gave a white powder which, crystallised from acetone, had m. p. 242° (decomp.) (Found: 
F, 42-8. C,OF,K requires F, 42-8%). 

The toluene-p-sulphonate of pentafluorophenol was obtained when the potassium salt di- 
hydrate (0-31 g.), toluene-p-sulphonyl chloride (0-28 g.), and water (2 c.c.) were heated with 
stirring on a steam-bath for 5hr. A solution of the product in light petroleum (b. p. 40—60°) 
was washed with concentrated ammonia and then evaporated to dryness. Recrystallisation 
of the residue from ethanol afforded an analytical specimen, m. p. 64—65° (Found: C, 46-1; 
H, 2-1; F, 27-8. C,,H,O,SF; requires C, 46-2; H, 2-1; F, 281%). The p-nitrobenzyl ether, 
prepared by heating the potassium salt of the phenol with p-nitrobenzyl bromide in aqueous 
ethanol for 1 hr., crystallised from ethanol in pale yellow plates, m. p. 57° (Found: C, 48-5; 
H, 1:8. C,;H,O,NF; requires C, 48-9; H, 1:9%). The benzoate (Schotten—Baumann pro- 
cedure) had m. p. 70-5—71-5° after three recrystallisations from aqueous ethanol (Found: 
C, 54-4; H, 1-7. Calc. for C,,H;O,F,;: C, 54-2; H, 1-7%) (Pummer and Wall® cite m. p. 
76-5—78:2°). The anilinium salt crystallised from a little water in needles, m. p. 74° (Found: 
C, 51-9; H, 29. C,,H,ONF, requires C, 52-0; H, 2-9%). 

Hydrazinium Pentafluorophenoxide.—Pentafluoroanisole (5-0 g.), 80% w/w hydrazine hydrate 
(18-0 g.), and sufficient ethyl alcohol (ca. 5 ml.) to render the mixture homogeneous were heated 
together under reflux for 5 hr., then cooled, poured into an equal volume of water, and extracted 
with methylene chloride (6 x 10 ml.). The aqueous layer was continuously extracted with 
methylene chloride for 80 hr. From this extraction a colourless solid was obtained, which 
crystallised in the methylene chloride. Purification by crysteliention, or by sublimation at 
80°/0-2 mm., gave hydrazinium pentafluorophenoxide (3-32 g., 61%), m. p. 157—158° (subl.) 

(Found: C, 33- -3; H, 2-4. C,H,ON,F; requires C, 33-4; H, 2-3%), Amax, 230 and 269 mu (e 7700 
and 1390, respectively). 

With less hydrazine hydrate and at a lower concentration the yield of hydrazine penta- 
fluorophenoxide dropped to 31%. 

Concentrated sulphuric acid was added dropwise to a solution of hydrazine pentafluoro- 
phenoxide (0-1 g.) in ethanol (2 c.c.) until no more solid was formed. The colourless precipitate 
was recrystallised from hot water to give large colourless crystals of hydrazine sulphate (0-03 g.), 
m. p. and mixed m. p. 255°. The infrared spectra of these compounds were identical. 

Hydrazinium pentafluorophenoxide (0-3 g.) was warmed gently with 6N-potassium hydroxide 
(4 c.c.) for a few minutes. On cooling, a colourless precipitate was formed which recrystallised 
from a little water. Potassium pentafluorophenoxide dihydrate was thereby obtained, having 
m. p. and mixed m. p. 245° (decomp.). 

A solution of 100% hydrazine hydrate (0-089 g.), and pentafluorophenol (0-12 g.) was con- 
tinuously extracted with methylene chloride for 48 hr. The solid which was precipitated in the 
boiling flask was collected and sublimed at 80°/0-05 mm., to afford hydrazinium pentafluoro- 
phenoxide (0-09 g., 64%), m. p. and mixed m. p. with the product isolated from the reaction 
between hydrazine hydrate and pentafluoroanisole, 157—158°. The infrared spectra of the 
two solids were identical. 


We thank the Department of Scientific and Industrial Research for a grant (to R. D. R.). 
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405. 5:6:7:8-Tetrahydro-8-methylindane-| : 5-dione. 
By C. B. C. Boyce and J. S. WHITEHURST. 


5: 6:7: 8-Tetrahydro-8-methylindane-1 : 5-dione has been synthesised 
in good yield. The naphthalene analogue could not be prepared by using 
the same conditions, and differences between the two ring systems are 
discussed. 


ACKLIN, PRELOG, and Prieto ! have recently prepared the indane (I); we had also obtained 
this substance, by a less tedious method. 

2-Methylcyclopentane-1 : 3-dione was prepared from 2-methylcyclopentane-1 : 3 : 4-trione? 
(a) by vigorous acid-catalysed hydrogenolysis and (b) by Wolff—Kishner* reduction of 
its semicarbazone. For the latter, the slow addition of semicarbazide to the trione proved 
vital to the success of the subsequent decomposition. The alkali-catalysed addition of 
methyl vinyl ketone to the dione was almost quantitative in hot methanol yielding the 
crystalline trione * (II) and this was smoothly cyclised by toluene-f-sulphonic acid in 
refluxing benzene. The overall yield from the dione was about 70% and the entire 
operation could be completed within a day. 

Heating the trione (II) with oxalic acid ® or boric acid gave only a small yield of the 
indane (I). When passed through alumina the trione (II) gave some ketol® (III) but 
the separation of the two was difficult. The ketol (III), which from its constitution might 
have been expected to undergo ready dehydration with thionyl chloride—pyridine,® in 
practice yielded some required product (I) and much 2-methylcyclopentane-1 : 3-dione. 
Clearly the formation of the latter involves a reverse Michael reaction. However, with 
toluene-p-sulphonic acid in hot benzene the ketol (III) readily gave the indane (I). 


(II) 7 OH (IV) (Vv) 
Me .~- - Me Me M + 
<_> <_ 
o Meo —~—" Se — fe} _ 
(VI) (Vila) (VIIb) (Vile) (VIII) 


Similar experiments designed to provide the octalin (IV) gave different results. This 
compound is readily made from 2-methylcyclohexane-1 : 3-dione and 4-diethylamino- 
butan-2-one.78 Under similar conditions 2-methyleyclopentane-1 : 3-dione gave a dark 
product from which the indane (I) could only be obtained in low yield. Moreover, the 
trione (V), prepared from methyl vinyl ketone and 2-methylcyclohexane-1 : 3-dione,® did 
not lose water when treated with toluene-f-sulphonic acid in benzene. Further, whereas 
diethylamine—pyridine is known to cyclise the trione (V) to the octalin (IV),’ a similar 
experiment with the trione (II) gave principally the product, 2-methyleyclopentane-1 : 3- 
dione, of retro-Michael reaction. 


' Acklin, Prelog, and Prieto, Helv. Chim. Acta, 1958, 41, 1416. 

* Butz and Orchin, J. Amer. Chem. Soc., 1943, 65, 2296. 

* Panouse and Sannié, Bull. Soc. chim. France, 1955, 1036. 

* Cf. ref. 1. 

5 Wieland and Miescher, Helv. Chim. Acta, 1950, 33, 2215 

* Darzens, Compt. rend., 1911, 152, 1601. 

? Swaminanthan and Newman, Tetrahedron, 1958, 2, 65; U.S.P. 2,714,615/1955. 

* Unpublished work of Robinson, quoted by Cocker and Halsall, J., 1957, 3441. 

* Nazarov, Zav’yalov, Burmistrova, Gurvich, and Shmonina, Zhur. obshchei Khim., 1956, 26, 1441. 
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The explanation for these reverse Michael reactions (i.e., VI) is probably to be found 
in the stability of the anion from 2-methylcyclopentane-1 : 3-dione. Fully developed 
mesomerism in the system (VIIa—VIIb) requires the structures to be planar. Both ring 
systems satisfy this requirement but in addition (leaving aside the nature of carbanions 
themselves 1°) the cyclopentane system is also planar in the mesomeric anion (VIIc), and 
this will make a greater contribution to the ground state than in the corresponding cyclo- 
hexane case. The published values of the dissociation constants of cyclohexane-l : 3- 
dione “ (5-26) and cyclopentane-1 : 3-dione !* (4-5) support this contention. Tetronic 
acid 8 (pK 3-76) possesses a similar cyclic system and 2: 4-dimethylcyclobutane-l : 3- 
dione 4 is a surprisingly strong acid (pK 2-8) and behaves as a typical monoenol. To 
account for its acidity (VIII) has been invoked as an effective contributor to the ground 
state. The anion of (VIII) is clearly analogous to (VIIc). 


EXPERIMENTAL 

Ethyl 4-methyl-2: 3: 5-trioxocyclopentylglyoxylate? was hydrolysed by 2N-aqueous 
hydrochloric acid to the trione, m. p. 77—79° (overall yield from butan-2-one, 26%). 

2-Methylcyclopentane-1 : 3-dione.—(a) A solution of semicarbazide hydrochloride (112 g.) 
and sodium acetate (150 g.) was added at 20° during 30 min. to well-stirred 2-methylcyclo- 
pentane-1 : 3: 4-trione monohydrate (144 g.) in ethanol (1000 ml.) and water (500 ml.). After 
stirring for a further hour the pale yellow semicarbazone was collected, washed with aqueous 
ethanol, and dried in a vacuum oven (yield 178 g., 97%). The semicarbazone (80 g.) was 
added to potassium hydroxide (80 g.), dissolved in ethylene glycol (800 ml.), at 130°. The 
solution was heated at 150° for 30 min. and at 180° for 1 hr., and then all solvent was removed 
(0-05 mm.). The residue in water (400 ml.) was acidified to pH 3 with hydrochloric acid, and the 
precipitate crystallised from water; the dione had m. p. 208—209°. The average yield from 
20 such runs involving variations of the above procedure was 51% (Panouse and Sannié* 
claim 86%). 

(b) The trione monohydrate (1-44 g.) was hydrogenated (20°; 760 mm.) with reduced 
Adams’s catalyst (100 mg.) in acetic acid (25 ml.) containing perchloric acid (0-5 ml.). Absorp- 
tion, rapid at first, ceased after 6 hr. Treatment with 50% potassium hydroxide (to remove 
perchloric acid) and subsequent concentration gave a pale brown oil which crystallised from 
water (0-35 g., 31%; m. p. 205—207°). 

5: 6:7: 8-Tetrahydro-8-methylindane-1 : 5-dione.—(a) The dione (40 g.), 4-diethylamino- 
butan-2-one (62-4 g.), pyridine (30 ml.), and benzene (500 ml.) were refluxed for 18 hr. After 
being cooled and washed with 2n-hydrochloric acid the organic layer was dried (MgSO,) and 
distilled. The liquid product was crystallised from ether-light petroleum (b. p. 40—60°) 
(2: 1), yielding the pure compound (10-3 g., 17%), m. p. 73°. The mother liquors darkened 
rapidly in air and extensive chromatography on alumina did not furnish any more material. 
(A nitrogen atmosphere had no appreciable effect on the yield or quality of the product.) 

(6) A mixture of 2-methylcyclopentane-1 : 3-dione (65 g.), anhydrous methanol (250 ml.), 
freshly distilled methyl vinyl ketone (61-5 g.), and potassium hydroxide (3 pellets) was refluxed 
for 5 hr. The solvent was removed in vacuo, and the solid residue treated with water and 
chloroform. The organic layer, after being dried (MgSO,), was distilled. 2-Methyl-2-3’- 
oxobutylcyclopentane-1 : 3-dione was collected at 108—-112°/0-1 mm. and solidified on cooling 
(88 g., 83%). An analytical specimen had m. p. 117—-118° (ethyl acetate) (Found: C, 65-9: 
H, 8-1. Cale. for C,9H,,0,;: C, 65-9; H, 7-7%). Infrared absorption (cm.1): 1762 (cyclo- 
pentanone); 1732 (carbonyl); no hydroxyl absorption. 

The compound (45 g.) in benzene (250 ml.) was refluxed with toluene-p-sulphonic acid (2 g.), 
a modified Dean-Stark water separator being used. After 2 hr. more toluene-p-sulphonic acid 


(2 g.) was added, the theoretical amount of water being collected after 5 hr. The solvent was 


10 Leffler, ‘‘ The Reactive Intermediates of Organic Chemistry,” Interscience Publishers, New York, 


1956; Ziegler and Wenz, Chem. Ber., 1950, 88, 354. 
11 Schwarzenbach and Lutz, Helv. Chim. Acta, 1940, 23, 1147. 
Waller, Wolf, Hutchings, Williams, Broschard, and Goldman, J. Amer. Chem. Soc., 1952, 74, 


13 Kumler, J. Amer. Chem. Soc., 1935, 57, 1929; 1938, 60, 859; Schwarzenbach and Lutz, Helv. 
Chim. Acta, 1940, 23, 1162. 


14 Woodward and Small, J. Amer. Chem. Soc., 1950, 72, 1297. 
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removed in vacuo, and crystallisation of the oily residue from 2:1 ether-light petroleum 
deposited large crystals of 5: 6:7: 8-tetrahydro-8-methylindane-l : 5-dione (33-5 g., 83%), 
m. p. 72—73°. 

2-Methy1-2-3’-oxobutylcyclohexane-1 : 3-dione was made similarly in 85% yield. It was 
an oil, b. p. 114—118°/0-01 mm., ,"* 1-5110, and had the expected infrared absorption. 
Newman ? gives b. p. 114—116°/0-1 mm. 


We thank the Chemical Society for a grant from the Research Fund, the Council of this 
University and the Ministry of Education for a maintenance grant to one of us (C. B.C. B.), 
and Imperial Chemical Industries Limited for financial aid. 
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406. The Hofmann Degradation of 1:2:3:4-T'etrahydro-\ : 2-di- 
methylisoquinoline. 
By G. Cuitps and E. J. ForBEs. 


Syntheses of 1- and 2-0-ethylphenylethyldimethylamine are described. 
The former amine is shown to be the dihydromethine of the Hofmann 
degradation product of 1:2:3:4-tetrahydro-1 : 2-dimethylisoquinoline; 
the latter is shown to be the product of reduction of this isoquinoline with 
sodium and liquid ammonia. 


ELSNER, STRAUSS, and ForBEs? prepared a number of pure o-dialkylated benzenes by 
various routes. One route to o-diethylbenzene used isoquinoline as the starting material, 
the intermediate 1:2:3:4-tetrahydro-l : 2-dimethylisoquinoline being subjected to 
Hofmann degradation and the resulting styrene reduced. The resulting further inter- 
mediate would eventually give o-diethylbenzene whether it had structure (I) or (II). It 
has now been shown, by unequivocal syntheses of the amines (I) and (II), that the dihydro- 
methine is in fact 1-o-ethylphenylethyldimethylamine (II). 


NMe, Et Et 
NMe, CH,-CO-NH; CHMe:NHR 
2 


(1) (11) (111) (IV): R= CHO 
(V) :R=H 


2-Ethylphenethyldimethylamine (I) was synthesised as follows. o-Ethylaniline was 
converted by the Sandmeyer reaction into the nitrile, which was hydrolysed to o-ethyl- 
benzoic acid. Hydrolysis of ortho-substituted benzonitriles is known to be difficult ? and 
require drastic conditions. o-Ethylbenzonitrile was little affected by strong acids, and 
alkali (under the usual conditions) gave only the amide. The amide proved resistant to 
acid-hydrolysis, and even nitrous acid, but prolonged heating with concentrated alkali 
afforded good yields of the acid. These results confirm previous work * that for sterically 
hindered nitriles hydrolysis to the amide is easier than hydrolysis of the amide to the acid. 

o-Ethylbenzoic acid was converted into o-ethylphenylacetamide (III) by the Arndt- 
Eistert procedure, without isolation of the intermediate diazoketone. Reduction of the 
amide (III) to 2-ethylphenethylamine with lithium aluminium hydride proceeded smoothly, 
as also did methylation of the primary amine with formaldehyde and formic acid * (when 

1 Elsner, Strauss, and Forbes, J., 1957, 578. 

* Pfeiffer, Engelhardt, and Alfuss, Annalen, 1928, 467, 158. 


* Sperber, Papa, and Schwenk, J. Amer. Chem. Soc., 1948, 70, 3091. 
* Clarke, Gillespie, and Weisshaus, ibid., 1933, 55, 4571. 
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applied to phenethylamines this methylation procedure often yields the tetrahydro-1- 
methylisoquinoline;*> none of this was obtained from the present reaction). The 
methiodide of the amine (I) was not identical with that obtained by Elsner e¢ al. 

Analyses on rigorously dried specimens indicated that the methiodide of the amine (I) 
retained most tenaciously half a molecule of water of crystallisation whose presence was 
clear in the infrared spectrum (band at 3560 cm.). The same hydrate was obtained 
when 1 : 2:3: 4-tetrahydro-1 : 2-dimethyltsoquinoline methiodide was treated with sodium 
and liquid ammonia and the product converted into its methiodide. This reaction has 
been shown ® to give the same product as Emde reduction? (with sodium amalgam or 
catalytically) and results in the cleavage of the 1: 2-carbon-nitrogen bond. Thus the 
amine (I) is the expected product in the present case. 

For the preparation of the amine (II), o-ethylbenzonitrile was converted into o-ethyl- 
acetophenone, by an improvement of the known method ® using methyl-lithium in place 
of the Grignard reagent. The intermediate ketimine was fairly stable to hydrolysis, a 
fact which has been previously noted for compounds obtained from sterically hindered 
nitriles: ® boiling with dilute acid was necessary for complete hydrolysis. 

2-Ethylacetophenone was converted into l-o-ethylphenylethylamine (V; R = H) by 
the Leuckart procedure.’ The intermediate N-formyl derivative (IV; R= CHO) was 
not isolated but was hydrolysed to the free base, which was methylated to give 1-o-ethyl- 
phenylethyldimethylamine (II). The methiodide of the base (II) was identical with that 
prepared by Elsner, Strauss, and Forbes.! 


~NMe, NMe 
(VI) . CH,Ph (Vil) 


Thus the styrene (VI) is the product of Hofmann degradation of 1 : 2: 3 : 4-tetrahydro- 
1 : 2-dimethylesoquinoline. This result could not have been predicted by the Hofmann 
rule (formation of the least substituted olefin) since both possible products would be 
monosubstituted. In general, however, the reaction proceeds in the direction which 
utilises the most acidic hydrogen 8 to the quaternary centre, unless the attacking base is 
so large that steric considerations become important." On this basis the production of 
the styrene (VI) is understandable since it involves an acidic benzyl-hydrogen atom. 
That «-phenyl groups may also influence the course of Hofmann pyrolysis ™ is well 
illustrated in the benzylisoquinoline series (e.g., VII), where the stilbene is formed almost 
to the exclusion of the styrene.” 


EXPERIMENTAL 


o-Ethylbenzoic Acid.—A solution of o-ethylbenzonitrile * (5 g.) in ethanol (10 c.c.) was 
heated with potassium hydroxide (5 g.) in water (5 c.c.) and ethanol (30 c.c.) for 24 hr. 
Potassium hydroxide (5 g.) was then added and heating continued for a further 24 hr. (ammonia 
was then no longer being evolved). Removal of the alcohol, followed by the addition of dilute 
hydrochloric acid to the residue, gave o-ethylbenzoic acid (4-08 g.), which afforded plates, m. p. 
63—64°, from light petroleum. 


Forbes, J., 1955, 3926; Osgerby and Pauson, Chem. and Ind., 1958, 1144. 
Clayson, J., 1949, 2016. 
Emde, Annalen, 1912, 391, 88; Emde and Kull, Arch. Pharm., 1936, 274, 173. 
Birch, Dean, Fidler, and Lowry, J. Amer. Chem. Soc., 1949, 71, 1362. 
Ramart-Lucas and Salmon-Legagneur, Compt. rend., 1927, 184, 102. 
10 Ingersoll, Brown, Kim, Beauchamp, and Jennings, J. Amer. Chem. Soc., 1936, 58, 1808. 
1 Brown, J., 1956, 1248. 
#2 Ingold, “ Structure and Mechanism in Organic Chemistry,” G. Bell and Sons Ltd., London, 1953, 
p. 447. 
‘8 Decker and Galatty, Ber., 1909, 42, 1179. 
4 Clarke and Read, Org. Synth., Coll. Vol. I, 2nd edn., p. 514. 


ceenaw 












2026 Degradation of 1:2:3:4-Tetrahydro-1 : 2-dimethylisoquinoline. 


Heating the mixture for only 16 hr. gave o-ethylbenzamide, m. p. 147—148° (lit.,> 153°), 
in almost quantitative yield. 

o-Ethylphenylacetamide.—o-Ethylbenzoic acid (17 g.) was heated under reflux with thionyl 
chloride (15 c.c.) for 3 hr. Distillation then gave o-ethylbenzoyl chloride (16 g.), b. p. 118°/15 
mm. A solution of this in dry ether (20 c.c.) was added dropwise to a solution of diazomethane 
(from 60 g. of methylnitrosourea) in ether (500 c.c.) at 0°. After being kept overnight, the 
solution was evaporated, and the residual diazoketone was dissolved in dioxan (100 c.c.). To 
this solution was added ammonia (150 c.c.; d 0-880) and 10% aqueous silver nitrate (30 c.c.). 
The mixture was kept at 80° for 2 hr., then boiled for 1 hr. Working up in the usual manner 
gave o-ethylphenylacetamide (12 g.), needles, (from water), m. p. 136° (Found: C, 73-5; H, 8-0; 
N, 8-4. CC, 9H,,ON requires C, 73-2; H, 7-9; N, 85%). 

2-Ethylphenethylamine. A solution of o-ethylphenylacetamide (7-5 g.) in anhydrous tetra- 
hydrofuran (100 c.c.) was added slowly with stirring to a suspension of lithium aluminium 
hydride (2-2 g.) in tetrahydrofuran (30 c.c.). The mixture was then heated under reflux for 
4—5 hr. After replacement of the tetrahydrofuran by ether, the mixture was decomposed 
with water and treated with alkali. The aqueous layer was extracted overnight with ether. 
The combined ethereal layers yielded 2-ethylphenethylamine (4-6 g.), b. p. 142—143°/1 mm. 
The picrate crystallised from water in needles, m. p. 171° (Found: C, 50-5; H, 4-7; N, 14-5. 
C,,H,,0,N, requires C, 50-8; H, 4:8; N, 14-8%). 

2-Ethylphenethyldimethylamine (I1).—2-Ethylphenethylamine (2:5 g.) in 90% formic acid 
(56 g.) and 40% aqueous formaldehyde (1-8 g.) was heated on a steam-bath overnight. 
Concentrated hydrochloric acid was added to the cooled mixture, which was next evaporated 
under reduced pressure. A solution of the residue in water was rendered alkaline and extracted 
with ether (3 x 20c.c.). The combined extracts were dried and filtered. To a portion of the 
filtrate was added methyl iodide, affording 2-ethylphenethylirimethylammonium iodide, plates 
(from ethyl acetate-ethanol), m. p. 194—195° (Found: C, 47-7; H, 6-7; N, 4:3; I, 38-4. 
C,;H,.NI,4H,O requires C, 47-6; H, 7-0; N, 4:3; I, 38-7%), v 3560 cm.*}. 

The picrate, obtained from an ethereal solution of the base, crystallised from water in 
needles, m. p. 118—118-5° (Found: C, 53-0; H, 5-5; N, 14-0. C,,H,,.0,N, requires C, 53-2; 
H, 5-4; N, 13-8%). 

Reduction of 1:2:3:4-Tetrahydro-1 : 2: 2-trimethylisoquinoline Iodide with Sodium in 
Liquid Ammonia.—To a solution of the methiodide (4 g.) in liquid ammonia (100 c.c.) at —70° 
was added sodium in small pieces until the blue colour remained permanently. After 1 hr., a 
crystal of ferric nitrate and then solid ammonium chloride were added to the solution. When 
the ammonia had evaporated, the residue was extracted with ether (2 x 50c.c.). The extracts 
were dried and distilled to give 2-ethylphenethyldimethylamine, b. p. 128—129°/12 mm. Its 
methiodide gave m. p. 195—195-5°, undepressed on admixture with the specimen obtained as 
above (Found: C, 47-7; H, 7-0%). The picrate had m. p. and mixed m. p. 119°. 

2-Ethylacetophenone.—A solution of methyl-lithium [from lithium (3-0 g.)] in ether (40 c.c.) 
was added dropwise under nitrogen to a solution of o-ethylbenzonitrile (14 g.) in ether (30 c.c.) 
with stirring. After 0-5 hr., the mixture was treated with water, followed by 4n-hydrochloric 
acid (20c.c.). The ether layer was removed and the aqueous layer extracted with ether. The 
combined ethereal extracts were dried, filtered, and evaporated to an oil, which was heated 
under reflux with dilute hydrochloric acid (30 c.c.) for 45 min. Working up in the usual manner 
gave 2-ethylacetophenone (10-2 g., 65%), b. p. 120—122°/13 mm. The semicarbazone 
crystallised from methanol in needles, m. p. 180—-181° (Found: N, 21-0. Calc. for C,,H,;ON;: 
N, 20-5%); Baddeley ?* cites m. p. 182°. The 2: 4-dinitrophenylhydrazone crystallised from 
aqueous methanol in orange needles, m. p. 118—119° (Found: C, 58-7; H, 5:3; N, 17-0. 
C,¢H,,O,N, requires C, 58-5; H, 4-9; N, 17-1%). 

1-0-Ethylphenylethylamine.—2-Ethylacetophenone (5-9 g.) was heated for 10 hr. at ca. 180° 
with ammonium formate prepared from ammonium carbonate (8-6 g.) and 90% formic acid 
(9 g.). The cooled mixture was triturated with water (50 c.c.), and the aqueous layer dis- 
carded. The organic layer was heated under reflux with concentrated hydrochloric acid 
(40 c.c.) for 1-5 hr. On cooling, the solution was extracted with benzene, then basified. The 
precipitated oil was extracted withether. Treating the dried ethereal extract with dry hydrogen 
chloride gave 1-o-ethylphenylethylamine hydrochloride (3-8 g.), which crystallised from ethyl 


16 Willard and Maresh, J. Amer. Chem. Soc., 1940, 62, 1253. 
16 Baddeley, J., 1944, 232. 
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acetate-ethanol in needles, m. p. 175° (Found: C, 64:2; H, 8-6; N, 7:7. Cy 9H,,NCl requires 
C, 64:7; H, 8-6; N, 7-6%). The picrate crystallised from water in needles, m. p. 195—196° 
(Found: C, 50-8; H, 4-8; N, 14-8. C,,H,,0,N, requires C, 50-8; H, 4-6; N, 14-8%). 

1-0-Ethylphenylethyldimethylamine (I1).—1-o0-Ethylphenylethylamine (2-5 g.), 40% aqueous 
formaldehyde (1-8 g.), and 90% formic acid (5-6 g.) were heated on a steam-bath overnight. 
On cooling, the mixture was acidified and extracted with ether. Basification of the aqueous 
layer gave an oil, which was taken up in ether. When methyl iodide was added to the dried 
ethereal extract 1-0-ethylphenylethyltrimethylammonium iodide was obtained as a solid, which 
crystallised from ethyl acetate-ethanol in plates, m. p. 173°, undepressed on admixture with 
“* ¥-(0-ethylphenyl)ethyltrimethylammonium iodide”’ prepared by Elsner ef al.1 (Found: 
N, 4:1; I, 39-8. C,,H,,NI required N, 4-4; I, 398%). 

The hydrochloride crystallised from ethyl acetate-ethanol in needles, m. p. 196° (Found: 
C, 67-5; H, 9-3; N, 6-7. C,,Ha9NCl requires C, 67-5; H, 9-4; N, 66%). The picrate 
crystallised from water in needles, m. p. 183° (Found: C, 53-4; H, 5-4; N, 14:1. C,,H,.0,N, 
requires C, 53-2; H, 5-4; N, 13-8%). 


We thank Dr. F. Bellamy for some of the early experiments and the Ministry of Education 
for a grant (to G.C.). 
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407. The Behaviour of Ammonia.in Gas Chromatography. Part I. 
Ammine Formation in Columns containing Solutions of Silver 
Nitrate in Benzyl Cyanide. 

By L. A: pu PLEssis and A. H. Spone. 


When ammonia is passed into a freshly packed column containing silver 
nitrate in benzyl cyanide, it is permanently absorbed. After this absorption, 
the column retards further samples to produce a chromatogram consisting of a 
peak followed by a lower plateau. Decrease in sample size causes the peak 
to shrink until, at a critical sample size, it vanishes, leaving only the plateau. 
These results are interpreted as indicating the formation of a lower, stable 
ammine and a higher, unstable one related by the reaction AgZ(NH;), + 
0-5NH,; === AgZ(NH;3),..9-5, the dissociation pressure of the higher ammine 
being approximately 5-7 x 10% atm. 


SoLuTIons of silver salts have been used as fixed phases in gas-liquid chromatography for 
the separation of olefins and other organic compounds.! Since such salts form ammines, 
their solutions suggest themselves for the chromatography of gaseous mixtures containing 
ammonia, and their use in this way has yielded unusual chromatograms which can be inter- 
preted in terms of ammine formation. The results reported here were obtained at room 
temperature with solutions of silver nitrate in benzyl cyanide, and indicate the formation 
of at least two ammines, as is common with silver salts. 


Packings were generally prepared from 150-0 g. of fine glass beads as support, 5-00 ml. of 
benzyl cyanide, and a weighed amount (20—60 mg.) of silver nitrate, and packed by vibration 
in three weighed sections 90-0, 81-0, and 83-0 cm. long. Since the packings were not free- 
flowing, it was not possible to obtain uniform columns (linear density varied from 0-512 to 
0-542 g. cm."!, permeability * by up to 22% from mean value). Coarser beads could be more 


1 Bradford, Harvey, and Chalkley, J. Inst. Petroleum, 1955, 41, 80; van de Craats, Analyt. Chim. 
Acta, 1956, 14, 136; Gil-Av, Herling, and Shabtai, Chem. and Ind., 1957, 1483; Tenney, Analyt. Chem., 
1958, 30, 2; Bednas and Russell, Canad. ]. Chem., 1958, 36, 1272; Phillips in ‘‘ Gas Chromatography ”’ 
(Coates, Noebels, and Fagerson, eds.), Academic Press Inc., New York, 1958, p. 51. 

2 “‘ International Critical Tables,” McGraw-Hill Book Company Inc., New York, 1930, Vol. VII, 
pp. 267—269. 

* Keulemans, ‘‘Gas Chromatography,” Reinhold Publishing Corporation, New York, 1957, 
Chapter 5. 
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uniformly packed, but gave poor results because of their small specific area. Crushed fire-brick 
adsorbed ammonia too strongly for use as a support; impregnation with alkali reduced adsorp- 
tion, but was not used because of possible reaction of the alkali with the silver salt. 

Nitrogen was used as carrier gas and its flow-rate corrected to ml. min.“ of dry gas at column 
temperature and atmospheric pressure. 


RESULTS 


A new packing absorbs a small amount of ammonia permanently, as is shown by non-emer- 
gence of a small sample. The amount absorbed cannot be measured, because the absorption 
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Ammonia chromatograms with mean linear concentration of silver nitrate, 0-071 mg. cm.!; column 
. ngth, 254-0 cm.; carrier flow-rate, 34-3—34-8 cm.* min.-1; column temperature, 17-4—19- 8°; sample 
size, cm. (N.T.P.), A, 1:00; B, 1-50; C, 1-69; D, 2-00; E, 2-50; F, 3-00; G, 3-50. Injection 
indicated by vertical stroke. 
Fic. 2. Ammonia chromatograms with mean linear concentration of silver nitrate, 0-196 mg. cm.-1; column 
length, cm., A, 90-0; B, 171-0; C, 254-0; carrier flow-rate, 34-1—34-3 cm.* min.!; column temper- 
ature, 17-7—20-3°; sample stze, 2-50 cm.* (N.T.P.). Injection indicated by vertical stroke. 
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tical stroke. 
is slow and extends over the passage of several samples, as is shown by a gradual approach of 
the chromatograms to reproducibility. A packing rich in silver nitrate gives reproducible 
results only after it has “‘ matured ’’ for a few days after passage of a few samples. 

112 chromatograms were obtained with matured packings and typical examples are shown 
in Figs. 1—3. Fig. 1 shows the effect of sample size. For a given packing and column length, 
there is a reproducible critical sample size giving a plateau followed by a “ tail’’ (Fig. 1C), 
while samples larger than the critical produce a peak superimposed on the front of the plateau. 
The height of the peak grows rapidly with increase in sample size, while the plateau changes 
little. Reduction of sample size below the critical causes the plateau to decay from both ends. 
Figs. 2 and 3 show that increase in column length and increase in silver nitrate concentration 
both cause the plateau to grow at the expense of the peak. Decrease in carrier flow-rate merely 
stretches the chromatogram in the direction of the time axis. 
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DISCUSSION 


Since the colour of a packing changes from white to pale mauve soon after preparation, 
it is uncertain whether the silver nitrate persists as such, and the salt in the column is 
therefore represented as AgZ. It is suggested that the absorption of ammonia by a new 
column is due to the formation of a stable ammine AgZ(NHsg)z, while a matured column 
retards ammonia by the reaction 


AgZ(NH,). + yNH3 == AgZ(NHj); , y 


for which the equilibrium ammonia pressure is f. A sample is injected at a pressure higher 
than # and moves rapidly through the column as a narrow zone (I), which continually 
loses ammonia to a slower-moving zone (II) in which ammonia is in equilibrium with 
AgZ(NH,), and AgZ(NH,)z, y and therefore exerts pressure . The emergence of zone I is 
recorded as a peak and that of zone II as a plateau. Let c = concentration of ammonia 
in fixed phase, c, = value of c corresponding to complete conversion of AgZ(NH,), into 
AgZ(NH,),,,. Then c = c, immediately behind zone I and c >} c, throughout zone II. 
If c < c, in any part of zone II, then that part moves faster than where c = c, and moves 
up to zone I. Thus c = c, throughout zone II. Following zone II there is a zone (III) 
in which the ammonia pressure is less than f and c < c,, and whose emergence is recorded 
as a “ tail.” 

Quantitative treatment of a chromatogram like Fig. 1C gives p and y. Such a chroma- 
togram is obtained when zone I has just vanished upon reaching the end of the column. 
At this instant, zone II extends a distance L, * upwards from the end of the column. 
Apportionment by area measurements of the injected ammonia between the plateau and 
the tail gives the amount of ammonia-emerging at partial pressure #, which can be found 
by applying the ideal-gas equation to the volume of gas escaping while the plateau is 
recorded. The amount of ammonia in both phases in zone II, excluding that in AgZ(NH,),, 
is taken to be that producing the plateau. This is an approximation, since a small part 
of zone II degenerates into zone ITI while the plateau is recorded. The amount of ammonia 
in the fixed phase in zone II, excluding that in AgZ(NH,),, is found by subtracting from 
the total the amount in the gas phase, found by applying the ideal-gas equation to the 
void volume in length L,. Carman‘ reports the void volume to be 38% of total volume 
for randomly-packed, well-shaken spheres of equal size, but the packings were found to 
be more permeable to gas flow than the uncoated beads, and therefore their void volume 
is taken to be 50%. Since only a small fraction of the ammonia is in the gas phase, an 
error in the assumed void volume has little effect on the calculated amount of ammonia 
in the fixed phase. The amount of salt in zone II is found from L, and the density and 
composition of the packing. 

L, is found from the emergence time ¢, and final retention time ¢, of the plateau (see 
Fig. 1C). Ifthe pressure drop is low, so that the linear gas speed is nearly uniform through 
the column, and if the decay of the rear end of zone II is neglected, then the speed of the 
rear end is L/t,, where L = length of packing, and L, is traversed in time ¢;, and has the 
value Lt,/t,. Where the pressure drop is appreciable, the effect of compressibility on gas 
speed has to be taken into account, by means of equations developed by Keulemans.* 
Combination of his equations (5) and (10) gives 


tg = Kpo[(Pilpo)® — 1]/3nu.", 


where ¢, = residence time of carrier gas, K = permeability of packing (assumed uniform), 
7 = dynamic viscosity of carrier gas, #) = linear speed of gas at column outlet, #; = inlet 
* Symbols used by Keulemans * are adopted here with slight modifications. 


* Carman, “‘ Chemical Constitution and Properties of Engineering Materials,” Edward Arnold and 
Co., London, 1949, p. 28. 
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pressure, , = outlet pressure. Since the speed of zone II is a constant fraction r of the 
carrier speed, 


ts = Kpol(pilpo)® — Uf3nuer . . . . ee 0) 
and tr, = Kpol(pr/po)® — W/3quer. . . . . . « (2) 


where fy, = pressure at distance L, from outlet, decay of zone II being neglected. From 
(1) and (2), 


(pr/po)® = 1+ t[(pi/po)>— Mit, . . . . « ~ (3) 
Keulemans’s equation (6) can be modified to 
LL = ((pulpo)® — Ui[(Pib)@—-W . . . - . . 


Equations (3) and (4) are used to find L, from measured values of fy, és, fi, Po, and L. 


Dissociation pressure and composition of ammine. 


Packing Flow-rate Pressure Column 105p 

AgNO, * length (cm.) (cm.* min.~) drop (mm.) temp. (atm.) v 
0-071 254-0 34:8 304 19-6° 6-3 0-77 
= 254-0 34:3 303 19-2 6-2 0-74 
0-134 254-0 33-8 203 20-0 5:7 0-53 
0-168 257-9 34-9 309 17-0 55 0-53 
0-196 254-0 34-0 228 18-6 5-1 0-45 
254-0 34-2 229 20-2 5-3 0-43 
254-0 34:3 230 19-3 53 0-45 
171-0 34-2 158 20-1 5-8 0-48 
171-0 16-2 78-1 20-5 6-2 0-51 
90-0 7-84 19-9 20-6 58 0-60 


* Mean linear concentration of silver nitrate (mg. cm.~*). 


The Table shows values of # and y calculated from chromatograms including some which 
differ slightly from the type of Fig. 1C, allowance being made in ammonia apportionment 
for areas not belonging to the plateau. Mean values and standard deviations are: 10%), 
5-7, 0-42 atm.; y, 0-50, 0-056. While the large standard deviations reflect the approximate 
nature of the calculations, # and y do not vary systematically with the controlled variables, 
except that the lean packing (0-071 mg. cm." of silver nitrate) gives high values for y, 
possibly because adsorption and solution play a larger réle relative to ammine formation. 
These values are excluded from the calculation of the mean and standard deviation. The 
mean value of y shows the equation for ammine formation to be 

AgZ(NH,), + 0-5NH, == AgZ(NHsj), . 9-5: 

Other workers ! have not observed the plateau. They have used concentrated solutions 
of silver salts and their peaks are probably lower than the corresponding plateaux, like 
the peak of Fig. 1A. 

EXPERIMENTAL 


Apparatus.—The gas-chromatographic apparatus was of conventional type, with glass 
columns of 6 mm. i.d., flow regulator, manometer, sample injector similar to Harrison’s,® 
katharometer and bridge circuit (supplied by Messrs. Griffin and George Ltd., Wembley), 
recorder (Honeywell Brown, 3 mv f.s.d.), and soap-film flow-meter discharging to atmosphere. 
The recorder chart speed was 6 in. hr. and sensitivity ® 52 ml. mv mg.*}. 

Solid Support.—Glass beads (“‘ Ballotini,’’ Grade 15, 0-10 mm. diam. and Grade 8a, 0-40 mm. 
diam., supplied by the English Glass Co. Ltd., Leicester) as purchased retained ammonia too 
strongly for use as a support; treatment with acid or alkali (but not with water) reduced the 
retentivity. The material used was boiled briefly with 30% sodium hydroxide solution, 
washed thoroughly with distilled water, and dried in an oven. When uncoated and when 

* Harrison in ‘“‘ Vapour Phase Chromatography ”’ (Desty, ed.), Butterworths Scientific Publications, 
London, 1957, p. 332. 

* Johnson and Stross, Analyt. Chem., 1958, 30, 1586. 
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coated with the same proportion of benzyl cyanide as used in the test packings, it gave tailing 
ammonia peaks with low retention time. 

Packings.—The packings were made by dissolving silver nitrate (M. and B. Laboratory 
Chemical, assay «<99-8%) in benzyl cyanide (B.D.H. Laboratory Reagent), diluting with ethyl 
ether (Riedel-de Haén, Analytical Quality), making into a slurry with “ Ballotini,’’ Grade 15, 
and evaporating off the ether at room temperature with a stream of dry nitrogen. Dilution 
with ether caused the solutions to turn milky. The coarser beads could be coated without 
ether, and gave the same chromatograms as when ether was used. 

Ammonia.—This was obtained by mixing concentrated solutions of ammonium nitrate and 
of sodium hydroxide, swept with nitrogen through calcium oxide desiccant, and condensed 
in a trap containing calcium oxide. The trap was evacuated while cold and left overnight at 
room temperature, after which the dry ammonia was condensed into an evacuated reservoir. 
Gas chromatography showed the ammonia to contain traces of impurities. 

Carrier Gas.—Cylinder nitrogen, dried with phosphoric oxide, was used. 


The authors thank the South African Council for Scientific and Industrial Research for a 
grant for equipment, the Council of the University of Cape Town for grants from the Staff 
Research Fund, and Messrs. Griffin and George Ltd. for allowing them to purchase components 
of their VPC apparatus. 
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408. The Chemistry of the Triterpenes and Related Compounds. 
Part XXXV.* Some Non-acidic Constituents of Polyporus pinicola, Fr. 


By T. G. Harsay and G. C. SAYER. 


Two new trimethyl-steroids, 21-hydroxylanosta-7 : 9(11)-24-trien-3-one 
and lanosta-7 : 9(11) : 24-triene-38 : 21-diol, have been isolated from the 
neutral extract of Polyporus pinicola Fr. Another component appears to 
be a mixture of ergost-7-en- and ergosta-7 : 22-dien-38-ol. 


NuMEROus publications describing the neutral constituents of the higher fungi have 
established that they include a complex mixture of sterols related to ergosterol. In 
particular, Zellner and his co-workers have frequently recorded the presence of ergosterol 
and “ ergosterol-like ’’ compounds in the extracts of the sporophores of various Basidio- 
mycetes. These sterol mixtures were difficult to separate and it is clear that in many 
cases the “ ergosterol’”’ was impure and inadequately characterised. Compounds other 
than ergosterol have also been reported.* 4 

From Polyporus pinicola Hartmann and Zellner isolated a number of neutral substances 
with high melting points and also recorded the isolation of fungisterol as well as ergosterol.® 
It is likely, however, that their fungisterol was not pure. Fungisterol, now known to be 
ergost-7-en-38-ol,® is also said to be a constituent of Calocera viscosa,’ Polyporus confluens 
Fr.,3 P. sulphureus (Bull) Fr.,8 Hydnum imbricatum L.,° and Geaster fimbriatus Fr.” 
Ergosta-7 : 22-diene-3-one has been isolated from Fomes fomentarius." Schmid and 


* Part XXXIV, /J., 1959, 1877. 


Cf. Rosethal, Sitzungsber. Akad. Wiss. Wien, IIb, 1922, 181, 189. 

Cf. Elsevier’s ‘‘ Encyclopaedia of Organic Chemistry,’’ 1940, Vol. XIV; 1954 Vol. XIV S. 
Fréschl and Zellner, Monatsh., 1929, 58—54, 146. 

Sumi, Chem. Zentr., 1931, I, 1773. 

Hartmann and Zellner, Monatsh., 1928, 50, 193. 

Wieland and Coutelle, Annalen, 1941, 548, 270. 

Fréschl and Zellner, Monatsh., 1928, 50, 201. 

Zellner and Zikmunda, ibid., 1930, 56, 200. ‘ 
Lukacs and Zellner, ibid., 1933, 62, 214. 

Ruthner and Zellner, ibid., 1935, 66, 76. 

Arthur, Halsall, and Smith, J., 1958, 2603. 
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Czerny }*-18 recently described the isolation of a sterol mixture, said to be ergosterol and 
fungisterol, from the light petroleum extract of P. pinicola, and also of an oxo-alcohol, 
m. p. 116°, [2], +71°, Amax. 2360, 2450, and 2520 A (« 5400, 6000, and 4200). 

Continuing our systematic examination of the wood-rotting fungi we have now 
examined some of the neutral constituents of Polyporus pinicola Fr. The first constituent 
isolated was a small amount of material with the melting point of ergosterol but with a 
much smaller negative rotation and a lower intensity of absorption at 2820 A. The main 
component (A) isolated had m. p. 157—-159° and [a], —13° and showed no selective ultra- 
violet absorption. Its analysis agreed with the formula CygH4g4.0. Its constants 
resemble those reported for ‘“‘ anasterol,”’ a substance isolated as its benzoate by Wieland 
and Gough ™ from the mother-liquors from the crystallisation of impure ergosteryl 
benzoate. The constants of component A and its derivatives are compared with those of 
ergosta-7 : 22-dien-3$-ol and the dihydro-derivative, fungisterol (cf. Table). Component 
A may be a mixture of ergosta-7 : 22-dien- and ergost-7-en-36-ol. 

Another constituent was isolated as its acetate, the ultraviolet absorption of which 
indicated that it contained the 7 : 9(11)-diene system of a trimethyl-steroid. Hydrolysis 
gave a ketol, reduction of which yielded lanosta-7 : 9(11)-24-triene-38 : 21-diol (III) 
identical both with an authentic sample prepared from pinicolic acid A (I) and with a 
further constituent of the neutral material from P. pintcola. 


Alcohol Acetate Benzoate 
M. p. [a] p M. p. [a}n M. p. {«]p 
Ergosta-7 : 22-dien-3f-ol .......... ‘ 176° ¢ —19° 178—180°* —19° 200° —10° 
oS eee 157—159 —13 167—168 —6 189—192 —2 
Ergost-7-en-3f-ol (fungisterol) ... 148° —2 157—159 —4 180-5 ? +2 
IE secacndeedicathideinncdnetna 157—159 ¢ —8 —- — 180—-182 ¢ —14 


* Barton and Cox, J., 1948, 1354. ° Idem, ibid., p. 783. ¢ Ref. 14. 


The conversion of pinicolic acid A (I) into the trienediol (III) was carried out by chromic 
acid oxidation of its methyl ester to methyl 3: 7-dioxolanosta-8 : 24-dien-2l-oate (II) 
which was reduced with lithium aluminium hydride to the intermediate allylic triol. 
This was dehydrated with acetic anhydride, and the product hydrolysed to the diol (III). 

Of the two possible structures (IV and VI) initially considered for the ketol the latter 
was excluded because oxidation of the ketol gave the keto-aldehyde (V) which had infrared 
bands at 2700 and 1725 cm. typical of an aldehyde group and absent from the spectrum 
of its precursor. The change in rotation on reduction of the carbonyl group in the ketol 
(IV) (AM,, + 72°) corresponds well with that occurring on reduction of agnosterone (VII) 
(AM, + 71°). The ketol was obtained by Oppenauer oxidation of the diol (III) prepared 
from pinicolic acid A (I). 

These results differ somewhat from those obtained in a preliminary examination 
carried out some time ago on a small amount of fungus when two products were obtained 
in addition to crude ergosterol. The first was an oxo-alcohol, m. p. 114—117°, J, 
+68°5°, Xmax, 2360 and 2430, inflexion 2510 A (e 4000, 4500, and 3000). These constants 
are very similar to those of the oxo-alcohol obtained by Schmid and Czerny * and the two 
materials are almost certainly identical. These constants indicate a mixture of 21-hydroxy- 
lanost-8 : 24-dien-3-one (75%) and the corresponding dehydro-derivative [7 : 9(11)-diene 
([V)}. Reduction of this mixture with sodium borohydride gave a mixture of diols, 
%, +57°, m. p. 189—192°, undepressed * on admixture with pure lanosta-8 : 24-diene- 
38 : 21-diol, m. p. 189—192°, [2], +57°, prepared by reduction of pinicolic acid A with 


* One feature of this field of chemistry is the absence of melting-point depression when a significant 
amount of a 7 : 9(11)-diene is mixed with the parent 8-ene. 

12 Schmid and Czerny, Sci. Pharm., 1953, 21, 258. 

13 Idem, Monatsh., 1954, 85, 1307. 

‘ Wieland and Gough, Annalen, 1930, 482, 36. 

' Guider, Ph.D. Thesis, Manchester, 1954. 
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lithium aluminium hydride."® The second product, m. p. 189—192°, [a),, +60°, Amx 
2360 and 2430, inflexion 2510 A (< 8500, 9700, and 6500), was apparently a mixture of the 
corresponding diol and its dehydro-derivative [7 : 9(11)-diene) (III)]. It is probable that 
the percentage of the trimethyl-steroid fraction in the oxidised 7 : 9(11)-diene form differs 


HO,C a 


MeO,C HO-H,C 





HO It 
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MeO,C CHO 





VIN) (VII) 


in different samples of fungus, possibly varying with the conditions of growth and time 
of collection. 

The preparation of a trisnor-derivative (VIII) of pinicolic acid A (I) needed as a reference 
compound is described below. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block and are corrected. Rotations were determined 
for chloroform solution at room temperature. Alumina for chromatography was usually 
alumina (activity II) which had been deactivated with 5% of 10% aqueous acetic acid. Light 
petroleum refers to the fraction with b. p. 60—80°. Infrared spectra were determined for 
CS, solution unless otherwise stated. 

Extraction of Polyporus pinicola and Isolation of the Neutral Fraction.—The fungus (9°5 kg.) 
extracted with alcohol, and the extract separated into acidic and neutral fractions in the usual 
way. An ethereal solution of the neutral fraction was repeatedly extracted with cold 5% 
aqueous potassium hydroxide and then kept with cold 10% methanolic potassium hydroxide 
for several days after which it was again separated into neutral and acidic fractions. The 
neutral fraction (93-5 g.) in methanol (500 c.c.) was heated under reflux for 24 hr. with 1% 
methanolic potassium hydroxide (21.). The solution was cooled to 20° and diluted with ether 
(2 1.) and water (2 1.). The ethereal layer was separated and the aqueous layer twice more 
extracted with ether (2 1.). Working up the ethereal extracts in the usual manner gave the 
non-saponifiable neutral fraction as a dark-brown gum (86-5 g.). 

Chromatographic Separation of the Neutral Fraction.—This fraction (86 g.) was adsorbed 


16 Guider, Halsall, and Jones, J., 1954, 4471]. 
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from light petroleum—benzene (3:1; 1-51.) on alumina (2 kg.; deactivated with 10% of 10% 
acetic acid) and eluted as shown: 


Fraction Eluent Vol. (1.) Wt. (g.) Appearance Amax. (principal) 
l Light petroleum 18 53-5 Waxy brown solid 2430, 2820 A 
2 Benzene 12 13 Pale brown solid 2430 A 
3 Ether 15 19-8 Brown gum — 


Examination of fraction 1. This fraction crystallised from methanol as plates (fraction 1A) 
(6-78 g.), m. p. 157—163°. Evaporation of the mother-liquor gave a dark gum (fraction 1B) 
(46 g.) which slowly gave a crystalline mass (needles). 

(i) Fraction 1A. Repeated recrystallisation of this fraction from methanol gave a small 
amount of plates, m. p. 163—166°, undepressed on admixture with ergosterol monohydrate, 
a], — 18° (¢ 1-15), Amax, 2710, 2810, and 2930 A (e 6300, 6600, and 3700). The residue (6 g.) from 
the combined mother-liquors from these crystallisations was examined by chromatography, 
1 g. of it being adsorbed from light petroleum—benzene (1:1; 85 c.c.) on alumina (100 g.). 
Elution with benzene (600 c.c.) gave compound A (185 mg.), m. p. 157—159° (needles from 
methanol; leaflets from acetone), [a],, —13° (c 1-04) (Found: C, 82-45; H, 11-85. Calc. for 
C,,H,,0,1-5CH,-OH: C, 82-55; H, 11-65%). Compound A showed no significant ultraviolet 
light absorption but infrared max. (in Nujol) at 3350, 1640, 870, 845, 827, and 795 cm.71. 

Compound A (80 mg.) in pyridine (1-5 c.c.) was acetylated with acetic anhydride (0-5 c.c.) at 
20° for 24 hr. Isolation with ether gave compound A acetate, m. p. 167—168° (needles from 
methanol and acetone), [a], —6° (c 1-02) (Found: C, 81-65; H, 10-9. Calc. for Cy9H,,O,: 
C, 81-75; H, 11-0%), ymax (in Nujol) 1730, 1640, 840, 825, and 795 cm.+. Hydrolysis of the 
acetate with methanolic potassium hydroxide gave back compound A, m. p. and mixed m. p. 
156—158°. 

Compound A (75 mg.) in pyridine (1-5 c.c.) was treated with benzoyl chloride (0-5 c.c.) at 
20° for 24 hr. Isolation with ether yielded a product (105 mg.) which was adsorbed from light 
petroleum (25 c.c.) on alumina (10 g.). Elution with light petroleum (50 c.c.) gave compound A 
benzoate, m. p. 189—192° (plates from methanol-ethyl acetate and ethyl acetate), [a],, —2° 
(c 1-03) (Found: C, 83-65; H, 10-4. Calc. for C;,H,,0,: C, 83-6; H, 10-0%), vmax 1710, 840, 
825, and 795 cm."}. 

(ii) Isolation of 21-hydroxylanosta-7 : 9(11) : 24-trien-3-one (IV) from fraction 1B. This 
fraction (1 g.) in light petroleum—benzene (3:1; 100 c.c.) was adsorbed on alumina (100 g.). 
Elution with light petroleum—benzene (1:1; 300 c.c.) gave a gum (265 mg.) which slowly 
crystallised in contact with methanol to give the impure ketol, m. p. 114—117°, Amax, 2430 A 
(ec 8900). Only small and impure quantities of crystalline material were obtained from other 
fractions, some of which showed low intensity maxima at 2430 and 2810 A. 

The impure ketol (240 mg.) in pyridine (5 c.c.) was treated with acetic anhydride (1-5 c.c.) 
at 20° for 24hr. Isolation with ether gave a product (230 mg.) which was adsorbed from light 
petroleum (25 c.c.) on alumina (20 g.). Elution with light petroleum—benzene (3:1; 350 c.c.) 
gave 21-acetoxylanosta-7 : 9(11) : 24-trien-3-one, m. p. 111—113° (from methanol and aqueous 
methanol), [a], +81° (¢ 1-08) (Found: C, 79-65; H, 9-85. C,.H,,0O,; requires C, 79-95; 
H, 10-1%), Amax, 2360, 2430, and 2510 A (e 15,000, 16,800, and 11,400). 

21-Acetoxylanosta-7 : 9(11) : 24-trien-3-one (100 mg.) in methanol (10 c.c.) was treated with 
10% methanolic potassium hydroxide (10 c.c.) at 20° overnight. Isolation with ether gave the 
ketol as a gum which was adsorbed from light petroleum (20 c.c.) on alumina (10 g.). Elution 
with light petroleum—benzene (1:1; 150 c.c.) gave 21-hydroxylanosta-7 : 9(11) : 24-trien-3-one 
as needles (from dilute methanol or ethanol), m. p. 119—121°, [a], +56° (c 0-97) (Found: 
C, 82-4; H, 10-4. C,,H,,O, requires C, 82-1; H, 10-6%), Amax. 2360, 2430, and 2510 A (e 10,400, 
12,300, and 7800), vmx 1710 and 3600 cm.*1. 

The ketol (50 mg.) in purified dioxan (5 c.c.) was reduced with sodium borohydride (15 mg.) 
in aqueous dioxan (1:1; 5c.c.) at 20° for l hr. After dilution with water isolation with ether 
yielded a product which was adsorbed from benzene (5 c.c.) on alumina (10 g.). Elution with 
benzene-ether (9:1; 50 c.c.) gave lanosta-7 : 9(11) : 24-triene-38 : 21-diol, m. p. 194—196° 
(from methanol), identical with an authentic sample of the diol (see below). 

The ketol (80 mg.) in acetone (20 c.c.) was oxidised with chromic acid in the usual manner.!? 
Isolation with ether gave a product which was adsorbed from light petroleum (7 c.c.) on alumina 


17 Bowers, Halsall, Jones, and Lemin, J., 1953, 2555. 
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(10 g.). Elution with light petroleum—benzene (9:1; 100 c.c.) gave lanosta-7 : 9(11) : 24- 
triene-3 : 2l-dione, m. p. 141—142° (from methanol), identical with an authentic sample 
(see below). 

Examination of fraction 2. This fraction (13 g.) crystallised from methanol as needles 
(fraction 2A) (3-85 g.), m. p. 185—190°. Evaporation of the mother-liquors gave a resinous 
solid (fraction 2B). 

(a) Isolation of lanosta-7 : 9(11) : 24-triene-38 : 21-diol (III). Fraction 2A was adsorbed 
from benzene (200 c.c.) on alumina (400 g.). Elution with benzene-ether (9:1; 2 1.) gave 
lanosta-7 : 9(11) : 24-triene-38 : 21-diol, which was obtained as needles (from methanol), m. p. 
194—197°, [a], +72° (c 1-06) (Found: C, 81-5; H, 11-15. C3 9H,,O, requires C, 81-75; H, 
11-0%), Amax, 2360, 2430, and 2510 A (¢ 12,900, 15,300, and 10,300). The diol (200 mg.) was 
acetylated in pyridine (5-5 c.c.) with acetic anhydride (2-5 c.c.) at 20° for 24 hr. to give 38 : 21- 
diacetoxylanosta-7 : 9(11) : 24-triene as needles (from methanol), m. p. 122°, [a], +73° (c 0-8) 
(Found: C, 78-0; H, 10-0. C,,H;,O, requires C, 77-8; H, 10-0%). 

(b) Examination of fraction 2B. Fraction 2B (1 g.) in benzene was adsorbed on alumina 
(100 g.). Elution with benzene-ether (3:1; 500 c.c.) gave several fractions (350 mg.) which 
crystallised from methanol as needles, having m. p.s within the range 175—190°. These 
fractions were not pure and contained up to 25% of conjugated dienes. 

Examination of fraction 3. Chromatography of this fraction did not yield any crystalline 
fractions. 

Oxidation of Lanosta-7 : 9(11) : 24-triene-38 : 21-diol.—The diol (300 mg.) in acetone (100 c.c.) 
was oxidised with chromic acid in the usual manner. Isolation with ether gave a product which 
was adsorbed from light petroleum (35 c.c.) on alumina (20 g.). Elution with light petroleum-— 
benzene (9:1; 400 c.c.) gave lanosta-7 : 9(11) : 24-triene-3 : 21-dione (V) (175 mg.) as stout 
needles (from methanol), m. p. rele fa|,, +49° (c 0-99) (Found: C, 82-7; H,9-9. C,9H,,O, 
requires C, 82-5; H, 10-15%), Amax at 2360, 2430, and 2510 A (e 15,300, 17,200, and 11,500), 
Vmax, 2700, 1725, and 1710 cm.*}. 

Oppenauer Oxidation of Lanosta-7 + 9(11)-24-triene-38 : 21-diol.—The diol (200 mg.) and 
aluminium /ert.-butoxide (106 mg.) in dioxan (15 c.c.) were heated to the b. p., treated with 
cyclohexanone (5 c.c.), and heated under reflux for 24 hr. After dilution with water and 
acidification, isolation with ether yielded a gum which was adsorbed from light petroleum— 
benzene (2:1; 40 c.c.) on alumina (20 g.). 

Elution with light petroleum—benzene (2:1; 350 c.c.) yielded a gum (100 mg.) which was 
dissolved in pyridine (2 c.c.) and acetylated with acetic anhydride (0-6 c.c.). Isolation with 
ether afforded a product which was adsorbed on alumina (10 g.) from light petroleum (10 c.c.). 
Elution with light petroleum—benzene (3:1; 150 c.c.) gave 2l-acetoxylanosta-7 : 9(11) : 24- 
trien-3-one as needles (from methanol), m. p. 112—114°, [a),, +81° (c 1-0), identical with that 
prepared from the ketol from the fungus. 

Conversion of Methyl Pinicolate A into Lanosta-7 : 9(11) : 24-triene-38 : 21-diol (III).—Methyl 
pinicolate A (500 mg.) in acetic acid (10-c.c.) was treated with recrystallised chromic acid (150 
mg.; 2-1 mol. with respect to oxygen) in acetic acid (10 c.c.) at 85° for 10 min. Dilution with 
water and isolation with ether yielded a product (Amax, 2520 A) which was adsorbed from light 
petroleum (30 c.c.) on alumina (50 g.). Elution with light petroleum—benzene (2:1; 300 c.c.) 
gave unchanged methyl pinicolate A (200 mg.), m. p. 119—121° (from methanol). 

Elution with benzene (400 c.c.) afforded a gum (250 mg.) which slowly formed a sticky solid 
wach was extremely soluble in organic solvents. It showed maximal light absorption at 
2520 A (e 9800) indicative of the presence of methyl 3 : 7-dioxolanosta-8 : 24-dien-21-oate. 

The crude methyl 3: 7-dioxolanosta-8 : 24-dien-21-oate (250 mg.) described above in ether 
(50 c.c.) was heated under reflux with lithium aluminium hydride (520 mg.) for 3 hr. The 
excess of reagent was destroyed with ethyl acetate, and the complex decomposed with dilute 
hydrochloric acid. Isolation with ether gave a solid which was heated under reflux with acetic 
anhydride (30 c.c.) for lhr. Dilution with water and extraction with ether afforded a product 
which was heated under reflux with 10% methanolic potassium hydroxide (35 c.c.) for 30 min. 
Isolation with ether gave the crude diol which was adsorbed from benzene (25 c.c.) on alumina 
(20 g.). Elution with light petroleum—benzene (9:1; 400 c.c.) gave lanosta-7 : 9(11) : 24- 
triene-38 : 21-diol (145 mg.) which crystallised from methanol as needles, m. p. 196—197°, 
identical with the diol from the fungus. 

Lanosta-8 : 24-diene-38 : 21-diol [with Miss J. M. GurpER].—Methy] pinicolate A (150 mg.) 
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in ether (50 c.c.) was heated under reflux with lithium aluminium hydride (100 mg.) for 1 hr. 
After decomposition of the excess of hydride, the complex was decomposed with an aqueous 
solution of tartaric acid. Extraction with ether gave lanosta-8 : 24-diene-38 : 21-diol, m. p. 
189—192° (needles from methanol and from acetone), [a], --57° (¢ 0-94 in pyridine) (Found: 
C, 81-6; H, 11-3. Cy gH;9O, requires C, 81-4; H, 11-4%). 

Conversion of Methyl Pinicolate A into Methyl 3 : 24-Dioxotrisnorlanost-8-en-21-oate.—Methy] 
pinicolate A (280 mg.) in dry ether (5 c.c.) was treated with osmium tetroxide (160 mg.) at 20° 
for 3 days. The solution was evaporated to dryness under reduced pressure and the residue 
in chloroform (50 c.c.) was shaken with a solution of mannitol (2-5 g.) and potassium hydroxide 
(2-5 g.) in water (50 c.c.) for 24 hr. Isolation with chloroform gave the crude diol as a gum 
(260 mg.) which was dissolved in ethanol (50 c.c.) and treated with a solution of sodium meta- 
periodate (260 mg.) in water (5 c.c.). <A little water was added to clarify the solution which 
was kept at 20° for 2 days. Isolation with ether afforded a product which was adsorbed from 
light petroleum—benzene (9:1; 55 c.c.) on alumina (15 g.). Elution with light petroleum- 
benzene (1:1; 400 c.c.) gave a gum (65 mg.) which crystallised from methanol to give methyl 
3 : 24-dioxotrisnorlanost-8-en-21-oate as needles, m. p. 138—139°, [a],, +67° (c 1-19) (Found: 
C, 76-15; H, 9-65. C,.H,.O, requires C, 75-95; H, 9-55%), vmax, 2700, 1730, and 1708 cm.*1. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, January 13th, 1959.] 





409. The Chemistry of the Triterpenes and Related Compounds. 
Part XXXVI.* Some Constituents of Trametes odorata (Wulf.) Fr. 


By T. G. HALSALL, R. Hopces, and G. C. SAYER. 


38-Hydroxylanosta-8 : 24-dien-21-oic acid has been isolated as its methyl 
ester from the sporophores of the fungus Trametes odorata. Three other acids 
have also been isolated as their methy] esters. 


IN continuation of our investigations of the wood-rotting fungi we have made a preliminary 
examination of the constituents of Trametes odorata (Wulf.) Fr. found on fir and pine trees 
in Norway and Austria. The constituents were first examined by Gruber and Proske ? in 
1950. From a cold ether extract of the dry pulverised sporophores of fungus they isolated 
“ trametenolic acid,” m. p. 259—261°, [a], +47° in methanol. They suggested a formula 
of CygHygO, or C3,H;90;. The acid was characterised as a secondary hydroxy-acid with 
two double bonds and was converted ® by standard procedures into the parent hydrocarbon 
‘“ trametene.”” The chief products of dehydrogenation were reported * to be 1: 2:5: 6- 
tetramethylnaphthalene and 1 : 2:7: 8-tetramethylphenanthrene. These results suggest 
that trametenolic acid is a tetracyclic triterpene aithough the dehydrogenation products 
are unusual. 

For our investigation a small amount (500 g.) of Trametes odorata was available. It 
was extracted first with ether and then with alcohol, approximately by the procedure of 
Gruber and Proske? in the hope of isolating trametenolic acid. The extracts were 
separated into acidic and neutral fractions. The latter were very small and not investig- 
ated further. The two acidic fractions were methylated with diazomethane, and the 
resulting esters separated by alumina chromatography. 

The main component of the esters resulting from the ether extract was methyl 38- 
hydroxylanosta-8 : 24-dien-2l-oate (I) previously obtained by reduction of the correspond- 
ing keto-compound, methyl pinicolate* (II), with sodium borohydride. From a com- 
parison of the constants of the hydroxy-ester (I) and its derivatives it does not appear to 
be methyl trametenolate (cf. Table, p. 2040). For comparison with the trametenolic acid 

* Part XXXV, preceding paper. 

Gruber and Proske, Monatsh., 1950, 81, 837. 
Idem, ibid., p. 1024. 


1 
3 Idem, ibid., 1951, 82, 255. 
* Guider, Halsall, and Jones, /., 1954, 4471. 
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of Gruber and Proske the acid from ester (1) had to be prepared. However, the methyl 
ester, like methyl pinicolate A, was not hydrolysed by boiling methanolic potassium 
hydroxide in 24 hours. To bring about hydrolysis of the esters (I) and (II) it was necessary 
to use boiling diethylene glycol as solvent. In contrast, methyl trametenolate is hydro- 
lysed 1 under the milder conditions, as is also methyl polyporenate C (III). The greater 
ease with which the ester group of methyl polyporenate C is hydrolysed may be due to the 
presence of the 16«-hydroxyl group. Adjacent hydroxyl groups can, if suitably placed, 
facilitate ester hydrolysis.® 


MeQ,C 





HO 





(11) (IIL) 

In addition to methyl 38-hydroxylanosta-8 : 24-dien-2l-oate three other esters (ester 
A; m. p. 159—65°, (oj, +49°; ester B, m. p. 152—153°, [2], +66°; ester C, m. p. 197— 
199°) have so far been isolated, but owing to the small amounts available they have not 
yet been investigated in detail. Most is known about ester B which has the formula 
CyaH4gO, or Cy3H59O, and appears to be the dimethyl ester of a Cs, or C,, hydroxyketo- 
dicarboxylic acid. Its ultraviolet spectrum has a broad band at 2130 A (e 16,600), which 
suggests the presence of an af$-unsaturated ester group (the true maximum due to such a 
group will be at a longer wavelength after allowance for end-absorption of isolated double 
bonds), and a low-intensity band at 2750—2800 A suggestive of an isolated carbonyl 
group although the intensity (ec 120) is rather higher than that usually associated with 
ketones. The infrared spectrum (in Nujol) had a band due to a hydroxyl group and a 
very broad band in the carbonyl region with two peaks (1709 and 1722 cm.+; the former 
slightly more intense). There was also a band of moderate intensity at 1650 cm... These 
bands are consistent with a keto-group in a six-membered ring, an isolated ester group, 
and an af-unsaturated ester group. The keto-group is unreactive since ester B does not 
react with Girard’s reagent or with sodium borohydride. Oxidation of ester B gave a 
compound, whose analysis indicated that it had two hydrogen atoms less than the starting 
material and hence that one hydroxyl group had been oxidised. The oxidation product 
had no band due to a hydroxyl group but bands at 1735 and 1710 (very broad) cm.* (in 
carbon disulphide). 

Alcoholic extracts of the fungus were intensely coloured by a pigment which was de- 
posited from concentrated solutions as an amorphous reddish-brown powder and for which 
the name “ trametin”’ is provisionally proposed. It does not contain nitrogen and hence 
differs from cinnabarin (polystictin) from Trametes cinnabarina and Coriolus sangineus.” 


EXPERIMENTAL 


The general experimental conditions described in Part XX XV apply also to this paper. 

Extraction of T. odorata (Wulf.) Fr.—The chopped air-dried fungus (500 g.) was suspended 
in boiling ether for 24 hr. The ether was decanted and the fungus re-extracted thrice more 
in the same manner. From each extract a reddish-yellow solid (5-24; 2-12, 2-87, and 1-17 g.) 
was obtained on evaporation. 

The residual fungus was extracted with cold alcohol for 1 month. The red-black extract 


5 Bowers, Halsall, Jones, and Lemin, J., 1953, 2548. 
* Cf. Henbest and Lovell, J., 1957, 1965. 
7 Cf. Cavill and Tetaz, Chem. and Ind., 1956, 986. 
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was decanted, filtered, and evaporated under reduced pressure to 500c.c. The extract was then 
kept at 20° fora fewdays. During this period ca. 2 g. of an amorphous orange-brown pigment 
were deposited. It was filtered off and washed with light petroleum. It was then suspended 
successively in boiling light petroleum for 15 min. and in boiling ether for 15 min., filtered off, 
and dried. The substance provisionally called “‘ trametin ’’ darkened but did not melt when 
heated to 300° (Found: C, 54-75; H, 5-494; N, 0). It was insoluble in most solvents except 
alcohol and acetone. The red colour of dilute solutions was intensified by addition of hydro- 
chloric acid, but changed to a dark green in cold alcoholic alkali. It had Aggy (in 95% ethanol) 
2300, 2760, and 4310 A, shoulders at 4600 and 4950 A. The minimum E}%, values at 2670 
and 4310 A are 204 and 186. vmx. (in Nujol) were at 3310 (broad) (OH), 1630 and 1580 cm.~. 

Examination of the Ether Extract.—The residue from the first extract was dissolved in 1: 1 
methanol-ether (1 1.) and extracted with 10% potassium hydroxide solution. The neutral 
fraction (420 mg.) was obtained from the ethereal layer, and the acidic fraction was isolated 
from the aqueous phase by acidification with acetic acid and ether-extraction. 

The acidic fraction was methylated with an excess of ethereal diazomethane, and the resulting 
mixed methyl esters (4-8 g.) were adsorbed from benzene (60 c.c.) on alumina (activity I—I]) 
(300 g.) and eluted with the following solvents: benzene (0-5 1.), fraction 1 (0-51 g.), yellow 
viscous oil; benzene-ether (9:1) (4 1.), fraction 2 (1-05 g.), solid; benzene-ether (3:1) (3 1.), 
fraction 3 (0-33 g.), gum; 1: 1 benzene-ether (11.), fraction 4 (0-68 g.) gum; ether (21.), fraction 
5 (0-14 g.), yellow gum. 

Fractions 1 and 5 did not crystallise and were not investigated further. 

Fraction 2 was acetylated in pyridine (20 c.c.) with acetic anhydride (10 c.c.) at 20° for 
24hr. Isolation with ether yielded a product which crystallised from methanol as stout needles 
(920 mg.), m. p. 133—137°. These were adsorbed from light petroleum (30 c.c.) on alumina 
(85 g.). Elution with light petroleum—benzene (3:1; 400c.c.) gave methyl 38-acetoxylanosta- 
8 : 24-dien-2l-oate as needles (from methanol), m. p. and mixed m. p. 147—149°, [a], +63° 
(c. 0-98) (Found: C, 77-2; H, 10-3. Calc. for C,,H;.0O,: C, 77-3; H, 10-2%). The compound 
showed no significant ultraviolet absorption. The methyl ester acetate (820 mg.) in methanol 
(100 c.c.) was hydrolysed overnight with 10% methanolic potassium hydroxide (100 c.c.) at 
20°. Isolation with ether afforded a gum which gelatinised in contact with methanol. It was 
adsorbed from benzene (30 c.c.) on alumina (80 g.) and eluted with benzene (300 c.c.) to give 
methyl 38-hydroxylanosta-8 : 24-dien-2l-oate as needles (from propan-2-ol), m. p. 132—135°, 
al, + 52° (c 0-99) (Found: C, 78-85; H, 10-8. Calc. for C,,H;,0,: C, 79-1; H, 10-7%). Oxid- 
ation of the hydroxy-ester (470 m.g.) in acetone (100 c.c.) in the usual manner § gave methyl 
pinicolate, m. p. 119—120°. 

Hydrolysis of Methyl 38-Hydroxylanosta-8 : 24-dien-21-oate.—(a) The hydroxy-ester (500 mg.) 
was heated under reflux with 10° methanolic potassium hydroxide (100 c.c.) for 24 hr. Dilu- 
tion with water and extraction with ether yielded unchanged ester (465 mg.). 

(6) The hydroxy-ester (500 m.g.) in diethylene glycol (25 c.c.) and potassium hydroxide 
(0-4 g.) were heated under reflux for 2 hr. After acidification with acetic acid and dilution 
with water ether-extraction afforded a brown gum which was adsorbed from benzene (20 c.c.) 
on alumina (50 g.; 10% deactivated). Elution with ether (500 c.c.) gave 38-hydroxylanosta- 
8 : 24-dien-21-oic acid as needles (from acetone and propan-2-ol), m. p. 253—258°, [a],, +43° (c 0-94 
in pyridine) (Found: C, 79-0; H, 10-45. C,9H,,0O, requires C, 78-9; H, 10-6%). Hydrolysis 
of methyl pinicolate A under the same conditions afforded pinicolic acid A. 

The hydroxy-acid (200 mg.) in pyridine (5 c.c.) was treated with acetic anhydride (2 c.c.) 
for 24 hr. at 20°. Isolation with ether gave 38-acetoxylanosta-8 : 24-dien-21-oic acid as needles 
(from dilute acetone), m. p. 240—244° (decomp., sublimes 225°), [a], +48 (c 1-3 in pyridine) 
(Found: C, 76-6; H, 10-2. C,,H;,O, requires C, 77-05; H, 10-1%). 

Fractions 3 and 4 from the Ether Extract.—These fractions (1-0 g.) were combined and 
adsorbed from benzene (25 c.c.) on undeactivated alumina (80 g.). Elution with benzene—ether 
(1:1; 900 c.c.) gave ester A (probably a mixture of hydroxy-esters) as a gum (650 mg.) which 
crystallised from dilute ethanol and methanol as needles, m. p. 159—165°, [a],, +49° (c. 0-73), 
Amax, 2350, 2430, and 2570 A [intensity indicating the presence of ca. 9% of 7: 9(11)-diene], 
Vmax. (in Nujol) 3440, 1720, 1675, 885, 845, and 820 cm.*1. 

Examination of the Alcohol Extract of the Fungus.—The concentrated alcohol extract was 
diluted with ether (500 c.c.) and extracted with potassium hydroxide solution. The colour 
of the extract immediately changed from red-black to green-black. The alkaline layer was 
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separated and extracted further with et’ser (500 c.c.). From the combined ethereal extracts 
a neutral fraction (0-34 g.) was obtained. Acidification of the alkaline phase with acetic acid 
produced a gelatinous suspension from which the acidic fraction (6-3 g.) was extracted (with 
difficulty) by three extractions with ether (14 1.). 

The acidic fraction was suspended in acetone (150 c.c.) and methylated with an excess of 
ethereal diazomethane. The resulting mixed methyl esters (4 g.) were adsorbed from benzene 
(200 c.c.) on alumina (250 g.; 10% deactivated). Elution with benzene (2 1.) gave a yellowish 
solid (2-3 g.) (fraction 1). Elution with benzene-ether (1:1; 21.) gave a yellow gum (1:3 g.) 
(fraction 2). 

Examination of Fraction 1 from the Alcohol Extract.—This fraction was adsorbed from benzene 
(150 c.c.) on alumina (150 g.) and eluted as follows: benzene (600 c.c.), oil (200 mg.) (fraction 1); 
benzene-ether (9: 1) (400 c.c.), yellow oil (540 mg.) (fraction 2); benzene-ether (9: 1) (3-5 1.), 
solid (1-15 g.), m. p. 143—151° (fraction 3); benzene-ether (3:1) (100 c.c.), solid (30 mg.), 
m. p. 130—138° (fraction 4); benzene-ether (3:1) (100 c.c.), solid (20 mg.), 137—148° (fraction 
5); benzene-ether (3: 1) (100 c.c.), solid (20 mg.), m. p. 133—160° (fraction 6); benzene-ether 
(1: 1) (100 c.c.), solid (30 mg.), m. p. 176—178° (fraction 7); and benzene-ether (1 : 1) (100 c.c.), 
solid (40 mg.), m. p. 182—187° (fraction 8). 

Fractions 1 and 2 (740 mg.) were combined and adsorbed from light petroleum (50 c.c.) on 
alumina (60 g.). Elution with light petroleum—benzene (3: 2; 200 c.c.) and benzene (200 c.c.) 
afforded small quantities of impure crystalline material, m. p. 135—155° and 129—139° 
respectively. 

Fraction 3 (1-15 g.) was recrystallised several times from methanol to yield ester B as needles, 
m. p. 149—152°, [a],, +66° (c 1-13) (Found: C, 72-45; H, 9-55. C,,H,4,O, requires C, 72-7; 
H, 9-15. C33H590, requires C, 73-05; H, 9-3°), Amax (broad) at 2130 and 2750—2800 A 
(c 16,600 and 120), vmax (in Nujol) 3450, 1720, and 1708 (broad band with two maxima of 
approx. equal intensity), 1650, 860, and 830 cm.?. 

Fraction 8 (40 mg.) crystallised from methanol to give ester C as needles, m. p. 197—199°. 
This substance showed no significant ultraviolet absorption. v,,, (in Nujol) were at 3300, 
1720, 1708, 1650, 900, 860, and 830 cm.*. 

Treatment of Ester B with Givard’s Reagent T.—The ester (770 mg.) in ethanol (50 c.c.) 
containing acetic acid (0-96 c.c.) was heated under reflux with Girard’s reagent T (720 mg.) 
for 1 hr. The cooled mixture was poured into a solution of sodium carbonate (770 mg.) in 
ice-water. Extraction with ether yielded a solid which was adsorbed from benzene (50 c.c.) 
on alumina (80 g.). Elution with benzene-ether (3:1; 800 c.c.) gave ester B as needles, m. p. 
147—151°. The aqueous solution was acidified with concentrated hydrochloric acid and kept 
at 20° for lhr. Ethereal extraction did not afford a ketonic fraction. 

Attempted Reduction of Ester B with Sodium Borohydride.—Ester B (450 m.g.) in pure dioxan 
(30 c.c.) was treated with sodium borohydride (85 m.g.) in aqueous dioxan (1:1; 30 c.c.) at 
20° for Lhr. Dilution with water and isolation with ether gave a product which was adsorbed 
from benzene (30 c.c.) on alumina (45 g.). Elution with benzene-ether (9:1; 900 c.c.) yielded 
starting material, m. p. 147—148° (from methanol or acetone). 

Oxidation of Ester B.—Ester B (130 mg.) in acetone (25 c.c.) was oxidised with chrom 
acid in the usual manner.® Isolation with ether gave a gum which was adsorbed from light 
petroleum (20 c.c.) on alumina (10 g.). Elution with light petroleum-benzene (1:1; 500 c.c.) 
yielded a gum (90 mg.) which crystallised from dilute methanol or dilute alcohol as needles, 
m. p. 158—159°, [a], +88-5° (c 1-09) (Found: C, 73-4; H, 885. C,,;H,,O, requires C, 73-3; 
H, 8-95. Calc. for C3;,H,,0,: C, 72-95; H, 8-8%). This compound had Ags. (broad) at 2130 A 
(c 18,000) and v,,,, 1735 and 1708 (very broad and intense band with two maxima), 1650, 860, 
and 820 cm.}. 

Examination of Fraction 2 from the Alcohol Extvact.—This fraction (1-3 g.) was adsorbed from 
benzene (120 c.c.) on alumina (100 g.) and eluted as follows: benzene-ether (9:1; 300 c.c.), 
solid (170 mg.), m. p. 143—146° (fraction 1); benzene-ether (1:1; 700 c.c.), sticky solid 
(550 mg.) (fraction 2); ether (400 c.c.), yellow gum (380 mg.) (fraction 3). 

Fraction 1 crystallised from methanol, to give ester B as needles, m. p. 146—149°. 

Fraction 2 was adsorbed from benzene (20 c.c.) on alumina (35 g.). Elution with benzene- 
ether (1:1; 300 c.c.) yielded a small amount of crystalline material, m. p. 190—193° (mainly 
ester C). 


® Bowers, Halsall, Jones, and Lemin, J., 1953, 2555. 








2040 Brown and Humphreys: 
Fraction 3 did not crystallise. 
Comparison of constants. 


Constants of the corre- 
sponding trametenolic acid 


derivative 

Name of compound M. p. [a]p M. p. [e]p 
38-Hydroxylanosta-8 : 24-dien-2]l-oic acid... 253—258° -+-43° * 259—261° +47° + 
38-Acetoxylanosta-8 : 24-dien-2l-oic acid ... 240—244 +48 * 209—211 -- 
Me 38-hydroxylanosta-8 : 24-dien-2l-oate... 132—135 +52 127—128 +59 
Me 38-acetoxylanosta-8 : 24-dien-2l-oate ... 147—-149 +63 104—106 — 
Me 3-oxolanosta-8 : 24-dien-2l-oate* ...... 121—123 +69 105—107 = 
3-Oxolanosta-8 : 24-dien-2l-oic acid* ...... 197—202 +68 204—206 — 
Lanosta-8 : 24-diene-38 : 2l-diol® ............ 189—192 +57 * 199—200 _ 
DS S SI niece cekciccanccesecctess 79-5—80 +65 85—87 +66 


* In pyridine. + In methanol. 
* Ref. 4. ° Halsall and Sayer, preceding paper. * McGhie, Pradhan, and Cavalla, J., 1952, 3176. 
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410. Polynuclear Heterocyclic Systems. Part III The Synthesis 
of Dipyridinoglyoxalinium and Related Salts. 
By B. R. Brown and J. HuMPHREYs. 


Dipyridino(1’ : 2’-1: 2, 1’: 2’’-3 : 4)-, 5-bromodipyridino(I’ : 2’-1: 2, 1” : 2”- 
3: 4)-, 5-bromodipyridino(1” : 2’’-3 : 4)quinolino(1’ : 2’-1 : 2)-, and 5-bromo- 
pyridino(1” : 2’’-3 : 4)tsoquinolino(2’ : 1’-1 : 2)-glyoxalinium salts have been 
prepared from w-bromo-z-picoline. 


Ir has not been possible, by using the methods previously described,? to obtain glyoxal- 
inium salts from @w-dichloro-«-picoline.4 This compound formed a quaternary salt, not 
a glyoxalinium salt, with pyridine. Bromination of the quaternary salt gave the bromo- 
quaternary salt (I) without cyclisation. 


Ss  Br37 %, x? ‘» x x 
| | 

+Z +g +g +24 

N N N 


S N7 SS N* ~N*~S N7 “N~*S 


BrCCl » all J trt——1_, Bri=—1_ |, 


(I) II) (111) IV) 


It is not possible to brominate «-picoline directly. It is unchanged after treatment 
with bromine at 90° for several days in acetic acid containing sodium acetate; the acetic 
acid is preferentially brominated and bromoform can be isolated. Attempts to brominate 
picoline l-oxide and #-bromo-e-picoline were unsuccessful. 

1 Part II, Brown and White, J., 1957, 1589. 

* Brown and Wild, J., 1956, 1158. 

* Dyson and Hammick, J., 1939, 781. 

* Brown, Hammick, and Thewlis, J., 1951, 1145. 
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w-Bromo-«-picoline 5 has been obtained in quantity by conversion of «-picoline l-oxide 
into 2-hydroxymethylpyridine * and direct reaction of this with aqueous hydrobromic 
acid. Reaction of the crude w-bromo-«-picoline with pyridine, quinoline, and isoquinoline 
yielded the quaternary bromides which were characterised as dipicrates. Bromination 
of these bromides and spontaneous ring closure yielded the corresponding glyoxalinium 
salts (II, R= Br; III; and IV), the characteristic absorption spectra of which are 
illustrated. 


Ultraviolet spectra in ethanol: (A) 5- 
Bromodipyridino(1’ : 2’-1:2, 17 :2”- 
3: 4)glyoxalinium bromide (II; R= © 
br); (B) 5-bromopyridino(l” :2”- & 
3: 4)quinolino(l’ : 2’-1:2)glyoxalinium ~ 
bromide (111); and (C) 5-bromopvrid- 
ino(1” : 2’’-3 : 4)isoguinolino(2’ : 1’- 35 


1 : 2)glyoxalinium bromide (IV). : 
| 
701, ! 1 ! ad 


200 250 3O0O 350 400 
Wavelength (m) 

Dipyridino(1’ : 2’-1 : 2, 1": 2-3 : 4)glyoxalinium salts (II; R = H) have been prepared 
from -bromo-«-picoline and 2-bromopyridine. This method is less efficient than the 
others available for glyoxalinium salts? but, as aw-dibromo-«-picoline is not available, it 
is the most convenient way to obtain the parent compound of the series. 
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EXPERIMENTAL 


1-(x-Chlovo-a-2-pyridylmethyl)pyridinium Chloride.—A solution of ww-dichloro-a-picoline * 
(Found: C, 44-8; H, 3-3. Calc. for C,H;NCI,: C, 44-5; H, 3-1%) (5-0 g.) in pyridine (30 ml.) 
was boiled under reflux for 2 hr. Decantation of pyridine left hygroscopic crystals (1-5 g.) 
which were crystallised several times from methanol-ether to give the chloride hemihydrate as 
colourless needles (Found: C, 52°75; H, 4-7; N, 11-1; Cl, 285. C,,H,)N.Cl,,4H,O requires 
C, 52-8; H, 4-4; N, 11-2; Cl, 28-4%). The ultraviolet spectrum in ethanol showed the com- 
pound to be a simple pyridine derivative. 

1-(«-Bromo-a-chloro-«-2-pyridylnethyl)pyridinium Perbromide—A mixture of the above 
pyridinium chloride (0-5 g.), glacial acetic acid (10 ml.), fused sodium acetate (0-5 g.), and 
bromine (0-8 ml.) was boiled under reflux for 2 hr. The precipitate (0-3 g.) crystallised from 
acetic acid as brown needles of the perbromide (Found: C, 25-5; H, 1-3; Hal, 69-3. 
C,,H,N,CIBr, requires C, 25-2; H, 1-7; Hal, 67-8%). 

«w-Bromo-a-picoline.5-—To ice-cold acetic anhydride (250 ml.) was added 48% hydrobromic 
acid (63 ml.) and 2-hydroxymethylpyridine acetate * (7-7 g.), and the mixture was heated at 
100° for 4 hr. Evaporation under reduced pressure gave the crude w-bromo-«-picoline hydro- 
bromide which was dissolved in water and treated with aqueous sodium hydroxide; the liberated 
«-bromo-a-picoline was taken up in benzene and dried. No attempt was made to purify the 
«-bromopicoline as it is known to be unstable.’ Evaporation of the benzene solution left a 
yellow lachrymatory oil. 

Dipyridino(1’ : 2’-1:2, 1°: 2’-3:4)glyoxalinium Salis (II; R= H).—A solution of o- 
bromopicoline (4-0 g.) and 2-bromopyridine (4-0 g.) in benzene (70 ml.) was boiled under reflux 
for 4 days. The deposit of brown crystals was washed several times with benzene, dissolved 
in water (30 ml.), boiled with charcoal, and filtered off. The filtrate was made just alkaline 
with aqueous sodium hydroxide at 0° and extracted several times with ether to remove un- 
changed starting materials. 

5 Cf. Sorm and Sedivy, Coll. Czech. Chem. Comm., 1948, 18, 289. 

® Boekelheide and Linn, J. Amer. Chem. Soc., 1954, 76, 1286. 
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Half of the resulting aqueous solution was treated with excess of 60% perchloric acid, and 
the precipitated perchlorate was separated, washed with water, and crystallised several times 
from methanol to afford pale brown plates (0-80 g.) (Found: C, 49-5; H, 3-3; N, 10-85; Cl, 13-9. 
C,,H,,0,N,Cl requires C, 49-2; H, 3-35; N, 10-4; Cl, 13-2%), Amax, in ethanol 227, 236, 272, 
284, 319, 334, 364, 381, and 402 my (log « 4-52, 4-49, 3-37, 3-32, 4-09, 4-18, 3-68, 3-60, and 3-31), 
Amin, 234, 267, 279, 286, 325, 355, 374, and 395 my (log ¢ 4-46, 3-36, 3-28, 3-31, 3-99, 3-57, 3-46, 
and 3-13). 

The other half of the solution was acidified with aqueous hydrobromic acid and treated with 
excess of hot aqueous picric acid. The precipitated picrate was crystallised several times from 
acetic acid to give yellow needles (0-70 g.), m. p. 200—210° (decomp.) (Found: C, 51-65; H, 2-8; 
N, 17:7. (C,,H,,0,N, requires C, 51-4; H, 2-8; N, 17-6%). 

1-(2-Pyridylmethyl) pyridinium Bromide.—Pyridine (10 ml.) was added to a solution of w- 
bromopicoline (4-0 g.) in benzene (50 ml.) and the mixture was boiled for 15 min. Next day 
the benzene was decanted and the solid crystallised from ethanol-ether to yield colourless, 
hygroscopic needles (2-0 g.). The derived dipicrate separated from aqueous methanol as orange 
plates, m. p. 158° (Found: C, 44-0; H, 2-6; N, 17-8. (C,,3H,,0,,N, requires C, 43-95; H, 2-55; 
N, 17-8%). 

The same dipicrate, m. p. and mixed m. p. 158° (Found: C, 44-0; H, 2-7; N, 17-5%), was 
obtained by treating the product from w-monochloro-«-picoline and pyridine with picric acid. 

5-Bromodipyridino(\’ : 2’-1: 2, 1 : 2’-3: 4)glyoxalinium Salts (Il; R = Br).—Bromination 
of 1-(2-pyridylmethy]) pyridinium bromide (1-5 g.) as described previously for similar quaternary 
salts } yielded the glyoxalinum perbromide (2-4 g.) as orange needles from acetic acid (Found: 
C, 27-0; H, 1-7; N, 5-5; Br, 65-7. C,,H,N,Br, requires C, 27-1; H, 1-65; N, 5-7; Br, 65-5%). 
Treatment of the perbromide (1-3 g.) with pyridine gave the bromodipyridinoglyoxalinium 
bromide (0-8 g.) which separated from methanol as pale yellow needles (Found: C, 40-0; H, 2-4; 
N, 8-7; Br, 48-9. C,,H,N,Br, requires C, 40-2; H, 2-5; N, 8-5; Br, 48-8%). The picrate 
separated from acetone as slender yellow needles, m. p. 208° (Found: C, 43-1; H, 2:1. 
C,;H,,O,N,Br requires C, 42-95; H, 2-1%). 

1-(2-Pyridylmethyl)quinolinium Bromide.—w-Bromopicoline (3 g.) and quinoline (7 ml.) in 
boiling benzene (25 ml.) gave an oily quaternary salt. The derived dipicrate separated from 
ethanol as orange needles, m. p. 173° (Found: C, 48-1; H, 2-6; N, 16-4. C,,H,,0,,N, requires 
C, 47-8; H, 2-65; N, 16-5%). 

5-Bromopyridino(1”’ : 2-3 : 4)quinolino(1’ : 2’-1 : 2)glyoxalinium Salis (I11).—Bromination of 
the crude pyridylmethylquinolinium bromide (2-2 g.) and treatment with pyridine yielded the 
pyridinoguinolinoglyoxalinium bromide hydrate (1-1 g.) which separated from methanol-ether 
as yellow needles (Found: C, 45:7; H, 3-2; N, 7:2; Br, 40-0. C,;H,)N,Br,,H,O requires 
C, 45-5; H, 3-0; N, 7-1; Br, 40-4%). The infrared spectrum in Nujol contains a band at 
3450 cm.1. The derived perchlorate separated from methanol as pale brown needles (Found: 
C, 45-4; H, 2-6; N, 7-35. C,;H,.O,N.CIBr requires C, 45-3; H, 2-5; N, 7-1%). The picrate 
separated from acetone as yellow needles, m. p. 231° (Found: C, 48-0; H, 2-4. C,,H,,O,N,Br 
requires C, 48-0; H, 2-3%). 

2-(2-Pyridylmethyl)isoquinolinium Bromide.—isoQuinoline (5-0 g.) and w-bromopicoline 
(2 g.) in boiling benzene (25 ml.) gave a red solid quaternary bromide (2-5 g.). The derived 
dipicrate separated from methanol-acetone as yellow plates, m. p. 188° (Found: C, 48-2; 
H, 2-7; N, 16-9. C,,H,,0,,N, requires C, 47-8; H, 2-65; N, 165%). 

5-Bromopyridino(1” : 2’’-3 : 4)isoqguinolino(2’ : 1’-1 : 2)glyoxalinium Salts (IV).—The above 
crude quaternary salt (2-1 g.) was brominated, and the product treated with pyridine to yield 
the glyoxalinium bromide monohydrate (1-6 g.) which separated from methanol-ether as pale 
brown needles (Found: C, 45-2; H, 2-8; Br, 40-3. C,;H,)N,Br,,H,O requires C, 45-5; H, 3-0; 
Br, 40-4%). The infrared spectrum in Nujol contains a band at 3450 cm.}. The derived 
perchlorate separated from methanol as colourless needles (Found: C, 45-5; H, 2-7; N, 6-7. 
C,3;H,,O,N,CIBr requires C, 45-3; H, 2-5; N, 7-1%). 


We thank Mr. D. S. Taylor for help with the preparation of dipyridinoglyoxalinium per- 
chlorate. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, January 13th, 1959.) 
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411. The Structure and Properties of Certain Polycyclic Indolo- 
and (Quinolino-derivatives. Part XII 1: 2-Dihydro-2-methyl- 
quinolino(3’ : 2’-3 : 4)isoguinoline and its Derivatives. 

By I. G. Hinton and FREDERICK G. MANN. 


1 : 2-Dihydro-2-methylquinolino(3’ : 2’-3: 4)isoquinoline has been pre- 
pared by the condensation of 1:2:3: 4-tetrahydro-2-methyl-4-oxoiso- 
quinoline and o-aminobenzaldehyde. The properties of this base, and 
particularly the isomerisation of its salts and the products obtained from 
these salts, have been studied: the base undergoes atmospheric oxidation, 
both in the solid state and readily in solution, to the corresponding cyclic 
amide. 

The properties of this base, and those of the isomeric 1 : 2-dihydro-1- 
methylquinolino(3’ : 2’-3 : 4)quinoline studied earlier, show some similarities 
and also some marked differences. 


THE properties of the yellow 1 : 2-dihydro-1-methylquinolino(3’ : 2’-3 : 4)quinoline (I), 
particularly the formation of its purple monohydrochloride, the conversion of the latter 
by hot acid into the yellow monohydrochloride of the isomeric 1 : 4’-dihydro-base, the 
thermal conversion of this isomer into the original base (I), and the ready atmospheric 
oxidation of both isomers to the cream-coloured 1 : 2-dihydro-1-methyl-2-oxoquinolino- 
(3 : 2’-3 : 4)quinoline, have been extensively studied.” 











(V1) (VII) (VII) 
Reagents: |, Cold HCI. 2, Aq. NaOH. 3, Hot HCl. 4, Acids. 5, NaOH-ROH. 6, Og. 


Our recent synthesis of 1: 2:3: 4-tetrahydro-2-methyl-4-oxoisoquinoline * has now 
enabled us to condense this keto-amine with o-aminobenzaldehyde to form the yellow 
| : 2-dihydro-2-methylquinolino(3’ : 2’-3 : 4)isoquinoline (II), which is isomeric with the 
base (I), and to study its reactions under comparable conditions. 

The structure of the yellow base (II), m. p. 92—93°, is shown by its synthesis, by its 
analysis and molecular weight, and by its infrared spectrum which shows a sharp 
moderately strong band at 2780 cm. (indicating an =NMe group *) but gives no indication 
of an =NH group. It sublimes without decomposition at 82°/0-002 mm., but undergoes 

1 Part XI, Braunholtz and Mann, J., 1958, 3377. 

2 Idem, J., 1955, 381; 1958, 3368. 

3 I. G. Hinton and Mann, /., 1959, 599. 

4 Braunholtz, Ebsworth, Mann, and Sheppard, J., 1958, 2780. 
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atmospheric oxidation readily in cold ethanolic solution and also in the solid state (see 
p. 2045): consequently its preparation and recrystallisation should be conducted under 
nitrogen. It acts apparently as a monoacidic base, for the addition of hydrochloric or 
hydrobromic acid to its cold acetone solution precipitated the red mono-hydrochloride and 
-hydrobromide, which when treated with aqueous sodium hydroxide regenerated the base 
(II). These salts have the structure (III), for the infrared spectrum of the hydrochloride 
has a broad band centred at 2610 cm." indicating the =NH* group, and a band of moderate 
strength at 2780 cm. indicating the =NMe group. 

When the hydrochloride (III; X = Cl) in concentrated hydrochloric acid was boiled, 
isomerisation to the golden-yellow quaternary chloride (IV; X = Cl) occurred. The 
infrared spectrum of the corresponding quaternary perchlorate showed a sharp band at 
3350 cm.- indicating an =NH group, but gave no evidence of an =NMe or =NH* group. 

Adding an excess of aqueous sodium hydroxide to an aqueous solution of the chloride 
(IV; X = Cl) gave a purple precipitate which, however, became yellow when the mixture 


Fic. 2. Ultraviolet spectra of (A) the base (II), 
(B) the base (V), and (C) the base (VII; R = Et). 
For strict comparison with (A) and (C), the curve 
B) is plotted for values of logy, ¢/2, since the 
intensities ave approximately the sum of those of 
the two halves of the molecule acting independently. 


lic. 1. Ultraviolet spectra of the base (V) (A) in 
ethanol and (B) in ethanol containing 1 drop of 
concentrated hydrochloric acid, and (C) of the 
perchlorate (V1; X = ClO,) in ethanol. 
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was stirred in contact with air. This precipitate, when isolated and purified, afforded a 
bright yellow base, m. p. 214°. The structure of this base remains uncertain, but the 
evidence discussed below indicates that it is probably (V), being thus equivalent to two 
molecules of the base (II) which by loss of hydrogen at the 1-position have become linked 
by a double bond. 

The base (V) is very sensitive to acids, which convert it into pale yellow quaternary 
salts of structure (VI). The rapid and fundamental change in structure caused by acidific- 
ation of the base (V) is shown (Fig. 1) by the marked difference in the ultraviolet absorption 
spectra of the base (A) in ethanol alone and (B) in ethanol to which one drop of concentrated 
hydrochloric acid has been added. The spectrum in the acidified solution is almost identical 
with that (C) of the pure crystalline perchlorate (VI; X = ClO,) obtained similarly by 
acidification of the base (V). The structure of the perchlorate is confirmed by its infrared 
spectrum, which shows the absence of =NH, =NMe, and =NH* groups, and by its ultraviolet 
spectrum (Fig. 1), which shows the intense absorption in the 250—260 my region which 
is typical of many extended polycyclic aromatic systems. 

A suspension of the perchlorate (VI; X = ClO,) in aqueous sodium hydroxide, when 
treated with hot ethanol to give complete dissolution, deposited on cooling the yellow 
l-ethoxy-base (VII; R= Et), m. p. 159—160°, which was stable in boiling ethanolic 
solution, from which it could be recrystallised: the addition of perchloric acid to this 
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solution, however, rapidly regenerated the perchlorate (VI; X = ClO,). The structure 
of the base is shown by the infrared spectrum, which gives no evidence for an ~OH or 
=CO group, and the oxygen must therefore be present in a C-O-C unit: the =NMe group 
appears as a weak band at 2805 cm.-, but as a stronger and sharper band at 2820 cm.* 
in the homologue (VII; R = Me). The ultraviolet spectrum of the base (VII; R = Et) 
is closely similar to that of the base (II) (Fig. 2). 

The base (VII; R = Et) is of course the O-ethyl derivative of the y-base corresponding 
to the quaternary base (VI; X = OH). This ready reaction of the ~-base with alcohols 
to form an ether and with acids to re-form the normal salts represents the usual behaviour 
of such bases. 

A cold ethanolic solution of the initial base (I1), when allowed to evaporate spontane- 
ously, underwent oxidation to the colourless 1-oxo-compound (VIII). Fine crystals of 
the base (II) on exposure to air also underwent this rapid oxidation. The bases (V) and 
(VII) gave indication of this atmospheric oxidation very much more slowly, but were 
rapidly oxidised to the compound (VIII) by a warm acetone solution of potassium per- 
manganate. The infrared spectrum of the compound (VIII) shows a band at 1642 cm.* 
typical of the amide-carbonyl group; the normal band characteristic of the =NMe group 
is of course not produced by the CO*-NMe unit.4. The compound (VIII) is weakly basic, 
and its salts dissociated on attempted recrystallisation. This ready oxidation of the base 
(II) is thus strictly analogous to that of the base (I), which gives the isomeric 2-oxo- 
derivative. 

The evidence which indicates the structure (V) for the yellow base, m. p. 214°, may 
now be summarised. (a) Analysis and molecular weight determinations: the low solubility 
in boiling solvents and the small elevation of b. p. precluded accurate determinations but 
the values for the molecular weight uniformly approached that required for formula (V). 
(6) The ready oxidation of the bases (II), (V), and (VII; R = Me or Et) to the 1-oxo- 
derivative (VIII) indicate that these bases can differ only at the l-position, where the 
atoms or groups attached must, therefore, be reasonably susceptible to replacement by 
oxygen. (c) The infrared spectra of the above bases are very closely similar, except that 
the spectrum of the base (V) does not show the band characteristic of the =NMe group. 
This is not surprising, for the band is shown only when the lone pair of electrons on the 
nitrogen atom is unaffected by neighbouring groups,* and the long conjugated chain in 
the structure (V) might induce some electronic drift from the nitrogen atoms in the =-NMe 
groups. Alternatively, the steric crowding about the central double bond may force the 
two halves out of coplanarity, which might also affect the nitrogen atom. (d) The ultra- 
violet spectrum of the base (V) has a general similarity to those of the bases (IT) and (VII; 
R = Et), more particularly in the 210—340 my region (Fig. 2). (e) Each half of the mole- 
cule (V) can be regarded systematically as the major portion of an anhydro-base, and the 
action of acids in splitting this dual system so readily into two molecules of the correspond- 
ing salt (VI) would therefore be expected. 

The initial purple material produced by the addition of sodium hydroxide to the chloride 
(IV; X = Cl) was not investigated because of its rapid aerial oxidation. The formation 
of a base of structure (V) under these circumstances must be a complex process, but 
quaternary isoquinolinium salts are known to give many complex reactions in the presence 
of alkali and air.® 

The action of methyl iodide on the above bases may be briefly noted. The base (II) 
when boiled with an excess of methyl iodide gave pale yellow needles of composition 
CygHjgON,I or C,gH,,ON,I, the structure of which has not been elucidated. The mother- 
liquor yielded small quantities of the base (VII; R = Me) and also of the l-oxo-compound 
(VIII), undoubtedly formed by direct oxidation of the base (II). The base (V) was re- 
covered in high yield after its solution in methyl iodide had been boiled for 6 hours, the 


5 Cf. Gensler, ‘“‘ Heterocyclic Compounds,” ed. by Elderfield, Wiley, New York, 1952, Vol. IV, 
p. 469. 
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low reactivity of the =NMe groups being caused probably by steric hindrance. When 
the base in methyl iodide was heated at 100° for 7 hours, it deposited a crude iodide which 
furnished a pure yellow perchlorate of composition C,)H,;;g0;N.Cl, which has not been 
identified. The base (VII; R= Me) when boiled in methanolic methyl iodide yielded 
the iodide (VI; X = I) and the oxo-compound (VIII). 

The comparative properties of the isomeric bases (I) and (II) can now be summarised. 
The conversion of the base (II) by cold hydrochloric acid into the hydrochloride (III; 
X = Cl) is identical in type with that shown by the base (I). The action of hot hydrochloric 
acid on the salt (III; X = Cl) is to cause migration of a hydrogen atom to the 4’-position, 
as in the previous series, but this atom now has to come from the 1-position, with consequent 
aromatisation of the pyridine ring and the formation of a quaternary chloride, in contrast 
to the tertiary amine hydrochloride in the earlier series. The base (II), being structurally 
unable to undergo a strict allylic transformation, cannot exist in an isomeric form, and in 
this respect differs markedly from the base (I). The stages represented by the compounds 
(V), (VI), and (VII), being determined specifically by the 7soquinoline ring, have no parallel 
in derivatives of the base (I). The close analogy returns, however, at the final oxidation 
stage (VIII), which is again identical in type with the isomeric oxidation product of the 
base (I). 

One further significant difference arises. The yellow colour of the base (I) and the deep 
red colour of its salts (corresponding in type to III) can be readily explained by the nature 
of the canonical contributions of the resonance hybrid of these compounds.” A similar 
explanation of colour cannot be applied to the yellow base (II) and its red salts (III), 
owing to the “ blocking ”’ effect of the methylene group between the =NMe group and the 
o-phenylene ring. Moreover in the case of the salts, it must be borne in mind that the 
production of marked colour by the addition of one proton to a diamine, owing to the 
resonance of the cation thus formed, is almost invariably dependent on the nitrogen atoms’ 
being joined by an odd number of carbon (or other) atoms. This requirement is met in 
the base (I) but is absent in the isomeric base (II). It is clear that the base (II) can be 
added to the other diamines of comparable structure recently discussed by Murrell, all 
of which form salts whose marked colour cannot be explained by classical or resonance 
theories, but for which Murrell has suggested an explanation based on molecular-orbital 
considerations. 

An attempt to prepare the 4’-carboxylic acid of the base (II), by the Pfitzinger reaction 
(involving isatin in hot alkaline solution) from tetrahydro-2-methyl-4-oxozsoquinoline, 
was unsuccessful. No decisive product was isolated after prolonged heating of the reaction 
mixture under nitrogen, and the reactants were recovered after milder conditions had been 
employed. 


EXPERIMENTAL 

Consistent m. p.s of certain compounds were obtained only by the use of evacuated capillary 
tubes, noted as (E.T.), the immersion temperature if above room temperature being denoted 
(I.T.). 

o-Aminobenzaldehyde was prepared by Mann and Wilkinson’s modification 7 of Smith and 
Opie’s method.® 

1 : 2-Dihydro-2-methylquinolino(3’ : 2’-3.: 4)isoguinoline (I1).—A solution of o-aminobenz- 
aldehyde (4-5 g.) in ethanol (40 c.c.) was treated in turn with tetrahydro-2-methyl-4-oxoiso- 
quinoline hydrochloride (7 g., 1 mol.) and 10°, aqueous sodium hydroxide (32 c.c., 4 mols.), 
and the solution was set aside under nitrogen overnight. After ca. 7 hr. a dark yellow oil 
separated and later crystallised. The crystals, when both collected and recrystallised from 
ethanol under nitrogen, gave the isoguinoline (II), yellow needles, m. p. 92—93° (E.T.) (Found: 


C, 83-3; H, 60%; M, ebullioscopic in 0-702% acetone solution, 220; in 0-656°%, ethanolic 
solution, 230. (C,,H,,N, requires C, 82-9; H, 5-794; M, 246). 
® Murrell, ]., 1959, 296. 


* Mann and Wilkinson, /J., 1957, 3346. 
8 Smith and Opie, Org. Synth., 1948, 28, 11. 
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The addition of dilute hydrochloric acid to an acetone solution of the base deposited the 
bright red hydrochloride (III; X = Cl), m. p. 278° (I.T., 270°) without recrystallisation (Found: 
C, 71-1; H, 5-4; N, 9-5. C,,H,,N,,HCl requires C, 72-2; H, 5-3; N,9-9%). The hydrobromide 
(III; X = Br), prepared by adding 45% hydrobromic acid to the ethanolic base, formed dull 
red crystals (Found: C, 62-3; H, 4-8; N, 8-6. C,,H,,N.,HBr requires C, 62-4; H, 4-6; N, 8-6%). 
The red insoluble chloroplatinate, when collected, washed with ethanol, and dried, charred 
gradually from 120° (Found: C, 45-1; H, 3-4; Pt, 21-3. 2C,,H,,N,,H,PtCl, requires C, 45-2; 
H, 3-4; Pt, 21-6%). 

Picric acid, when added to the base (II), each in ethanolic solution, precipitated a bright 
red picrate which when recrystallised from ethanol containing a small quantity of picric acid, 
gave a mixture of yellow and red crystals, m. p. 175—185°, which could not be satisfactorily 
separated and identified. 

A cold aqueous solution of the hydrochloride (III; X = Cl), when treated with aqueous 
sodium hydroxide, deposited the base (II). 

1’ : 4’-Dihydro-2-methylquinolino(3’ : 2’-3 : 4)isoguinolinium Chloride (IV; X = Cl).—A sus- 
pension of the base (II) (2-5 g.) in concentrated hydrochloric acid (100 c.c.) was boiled under 
reflux until the clear red solution, which had become paler, suddenly deposited a thick suspension 
of orange crystals. The mixture was set aside for 48 hr., and the chloride (IV; X = Cl), when 
collected from the yellow solution and recrystallised from 50% aqueous ethanol, formed golden- 
yellow crystals, m. p. 288° (Found: C, 72-1; H, 5-3; N, 9-8. C,,H,;N,Cl requires C, 72-2; 
H, 5-3; N, 9-9%). The perchlorate (IV; X = ClO,), obtained by the addition of 60% per- 
chloric acid to the hot ethanolic solution of the chloride, and recrystallised from aqueous ethanol, 
had m. p. 270° (I.T. 260°). 

Bi-[1 : 2-dihydro-2-methylquinolino(3’ : 2’-3 : 4)isoquinol-1-ylidene} (V).—A large excess of 
10°, aqueous sodium hydroxide was added to a stirred aqueous solution of the chloride (IV; 
X = Cl). The purple precipitate became yellow when it was near the surface of the solution, 
and the mixed product was then twice extracted with ether. The deep-maroon ethereal extract 
was washed with water and diluted with ethanol, charcoal added, and the ether removed. 
The residual ethanolic solution, when boiled and filtered, was deep yellow and on cooling 
deposited bright yellow plates of the base (V), m. p. 214° (E.T., I.T., 100°) after crystallisation 
from ethanol (Found: C, 82-4; H, 5-9; N, 11-2%; M, in boiling 0-471% acetone solution, 
430; in 0-636% solution, 420; in 0-648% ethyl methyl] ketone solution, 400. C,,H,,N, requires 
C, 83-5; H, 5-0; N, 115%; M, 488. Low carbon but satisfactory hydrogen values were 
obtained by using normal combustion temperatures: higher temperatures gave rather better 
carbon values but, as usual, increased the hydrogen values). 

2 - Methylquinolino(3’ : 2’-3:4)isoguinolinium Perchlorate (VI; X= ClO,)—A warm 
ethanolic solution of the base (V), when treated dropwise with 60°% aqueous perchloric acid and 
then cooled, deposited the crude red perchlorate (V1; X = ClO,) which after recrystallisation 
from 50% aqueous ethanol formed pale yellow needles, m. p. 310—312° (E.T.) (Found: C, 58-6; 
H, 4:0; N, 8-0. (C,,H,,0,N,Cl requires C, 59-2; H, 3-8; N, 8-1%). The similar use of dilute 
sulphuric acid gave the hydrogen sulphate (VI; X = HSO,), pale yellow crystals, m. p. 307— 
309° (effervescence) (E.T., I.T. 300°) (from aqueous ethanol) (Found: C, 59-3; H, 4-4; N, 8-1. 
C,;H,,0,N,S requires C, 59-6; H, 4:1; N, 8-2%). The addition of dilute hydrochloric acid 
to an acetone solution of the base (V) deposited the crude chloride (VI; X = Cl), for which no 
suitable solvent for crystallisation was found. All these salts had a marked sternutatory action. 

1-Ethoxy-1 : 2-dihydro-2-methylquinolino(3’ : 2’-3: 4)isoquinoline (VII; R= Et).—A_ sus- 
pension of the perchlorate (VI; X = ClO,) in warm 10% aqueous sodium hydroxide was 
diluted with sufficient hot ethanol to give a clear solution, which was then cooled and extracted 
with ether. The ethereal extract was diluted with ethanol, charcoal added, and the ether 
removed. The residual solution, when boiled under nitrogen, filtered and cooled, deposited 
the l-ethoxy-compound (VII; R = Et), bright yellow crystals, m. p. 159—160° (E.T.) after four 
recrystallisations from ethanol under nitrogen and drying at 40°/0-1 mm. in nitrogen (Found: 
C, 78-6; H, 6-3; N, 9-5%; M, in boiling 0-732% ethanolic solution, 300. C,,H,,ON, requires 
C, 78-6; H, 6-2; N, 9-69; M, 290). An ethanolic solution of this base, when treated with 
perchloric acid, deposited the perchlorate (VI; X = ClO,), m. p. and mixed m. p. 310° (E.T.). 

Oxidation to 1: 2-Dihydro-2-methyl-1-oxoquinolino(3’ : 2’-3 : 4)isoquinoline (VIII).—(A) An 
ethanolic solution of the base (II) was allowed to evaporate to dryness on a clock-glass at room 
temperature during 24 hr. The brownish-yellow residue, when recrystallised from ethanol, 


, 
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sublimed at ca. 200°/0-1 mm., and again recrystallised, afforded the 1-ovo-derivative (VIII), 
colourless plates, m. p. 219—220° (Found: C, 78-2; H, 4:5; N, 11-0. C,,H,,ON, requires 
C, 78-4; H, 4-6; N, 108%). The pure powdered crystalline base (II) on exposure to air be- 
comes dull yellowish-brown in ca. 2 hr. as this oxidation proceeds. 

(B) Potassium permanganate was added to the base (V), each in warm acetone solution, 
until decolorisation of the former ceased. The solvent was evaporated and the residue extracted 
with ether. Removal of the ether left a residue of the compound (VIII), m. p. and mixed m. p. 
217—220° after purification as before. 

(C) A similar result was obtained when the base (VIL; R = Et) was thus oxidised. 

The onset of atmospheric oxidation of the crystalline bases (V) and (VII; R = Et) at 
room temperature is revealed only by their colours, which very slowly become duller and darker. 

An ethereal solution of the base (VIII) when treated with hydrogen chloride deposited the 
hydrochloride: an ethanolic solution of the base, with perchloric acid, deposited the perchlorate. 
Both these yellow salts dissociated on attempted recrystallisation. 

Action of Methyl Iodide.—(A) The base (II). A solution of this base in an excess of methyl 
iodide was boiled under reflux in nitrogen for 4 hr., pale yellow crystals separating from the 
orange solution. The crystals, when collected from the cold mixture and recrystallised from 
methanol, formed very pale yellow needles, m. p. 140—141° (effervescence) (E.T., I.T. 115°) 
(Found: C, 54-8; H, 4-8; N, 7-0. C,,H,,ON,I requires C, 54-6; H, 4-6; N, 6-7. C,,H,,ON,I 
requires C, 54-3; H, 5-0; N, 6-7%). The infrared spectrum showed a band caused by an -OH 
or =NH group. A methanolic solution of this compound with perchloric acid gave an almost 
colourless perchlorate, m. p. 230—233° (E.T., 1.T. 220°) (Found: C, 58-7; H, 5-1; N, 7:3. 
C,9H,,O;,N.Cl requires C, 58-4; H, 4:9; N, 7-2. CC, gH,,O;N.Cl requires C, 58-7; H, 4-4; 
N, 7°2%). 

The methyl iodide mother-liquor was treated with much ether to precipitate more crude 
methiodide, and was then filtered and diluted with a small volume of methanol, and the ether 
was removed. The methanolic solution, when boiled (charcoal), filtered, and cooled, deposited 
a yellow oil which solidified. Fractional crystallisation of the solid gave (a) the l-oxo-compound 
(VIII), colourless plates, m. p. 220° (E.T., I.T. 115°), mixed m. p. 222—223° (E.T., 1.T. 205°), 
and (6) the 1-methoxy-compound (VII; R = Me), yellow crystals, m. p. 111—112° (E.T., I.T. 
90°) (Found: C, 78-2; H, 5-8; N, 10-1. C,,H,,ON, requires C, 78-2; H, 5-8; N, 10-1%). <A 
methanolic solution of this compound treated with perchloric acid gave the perchlorate (VI; 
X = ClO,). The identity of the l-methoxy-base (VII; R = Me) was confirmed by its pre- 
paration as yellow crystals, m. p. 111—113°, by the addition of 10°, aqueous sodium hydroxide 
to a methanolic solution of the perchlorate (VI; X = CIO,). 

(B) The base (V). The base in methyl iodide solution, when boiled under reflux in nitrogen 
for 6 hr., deposited a trace of a reddish solid, but was otherwise unaffected. When the original 
solution was heated in a sealed tube under nitrogen at 100° for 7 hr., it deposited blackish-brown 
crystals, a solution of which in boiling methanol (charcoal) gave a yellow solution. Addition 
of perchloric acid deposited bright yellow crystals, m. p. 252° (effervescence) (E.T.) after three 
crystallisations from methanol (Found: C, 58-3; H, 4-5; N, 72%). Although the composition 
of this perchlorate is almost identical with that of the above perchlorate, m. p. 230—233°, the 
non-identity of the two salts is shown by their colour and their m. p.s. The infrared spectrum 
of the perchlorate, m. p. 252°, did not show a band corresponding to an -OH or =NH group. 

(C) The base (VII; R=Me). Asolution of this base in methanolic methyl iodide was boiled 
under reflux in nitrogen for 3 hr., cooled, and poured into much ether, the golden-yellow powder 
which separated being then collected. The yellow solution when worked up as above afforded 
the l-oxo-compound (VIII), m. p. 221—223° (E.T.). The yellow powder when recrystallised 
from methanol (charcoal) gave the iodide (VI; X = I), m. p. 265° (E.T., I.T. 120°), which in 
turn gave the perchlorate (VI; X = ClO,), m. p. 302—305° (E.T.) 

The base (VII; R = Me) when treated in ethanolic solution with hydriodic acid also gave 
the iodide (VI; X = I), m. p. alone and mixed with the above sample, 268—275° (E.T., I.T. 
215°): this iodide in turn gave the perchlorate (VI; X = ClO,), m. p. and mixed m. p. 303° 
(E.T., I.T. 280°). 


We gratefully acknowledge a grant (to I. G. H.) provided by the Department of Scientific 
and Industrial Research. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, January 22nd, 1959.) 
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412. Infrared Absorption of Heteroaromatic and Benzenoid Six- 
membered Monocyclic Nuclei. Part VI. Pyridine-Boron Complexes. 


By A. R. KAtRITzky. 


The infrared spectra of the pyridine and trimethyl amine adducts of boron 
tri-hydride and -halides and of some substituted pyridine—boron trichloride 
adducts are recorded and discussed. 


FOLLOWING work! on the characteristic ring vibrations of monosubstituted benzenes, 
pyridines, and pyridine l-oxides, we have now investigated the spectra of pyridines co- 
ordinated with boron compounds (in these adducts a spare pair of electrons is not available 
for back-co-ordination into the pyridine ring; contrast pyridine l-oxide). To facilitate 
assignment of the BX, vibrations, the spectra of trimethylamine—boron tri-hydride and 
-halide adducts were also determined. 0-2m-Chloroform solutions were examined in a 
0-117-mm. cell.2. Conductivity and molecular-weight measurements showed that pyridine- 
boron trichloride is monomeric under the conditions of measurement.* All the bands 
(¢,>15) were characteristic of the pyridine ring co-ordinately linked to boron (Tables 1 
and 4), the BX, group (Table 3), the NMe, group (Table 2), or the substituent (e.g., the 
ester bands *’), and tentative assignments were made as indicated in the Tables. 

Trimethylamine Adducts and Boron Hydride and Halide Modes (Tables 2 and 3).—In 
unpublished work,‘ Peterson and Bauer tentatively assigned the bands in the infrared 
spectra (Nujol and halogenocarbon mulls and potassium bromide disks) of trimethyl- 
amine-boron tri-hydride, -fluoride, and -chloride using a normal co-ordinate analysis of 
the chloro-compound. This work, which came to our notice late, considerably assisted 
the assignments given in Tables 2 and 8. These are as in the previous work * except that 
the 1001 cm. band in trimethylamine-borine is assigned to the asymmetric C-N stretching 
mode instead of a BH bending mode because this band is absent in pyridine—borine. The 
frequencies agree well, considering the difference in states, with the above and other work, 
e.g., the B-H stretching frequencies in borine carbonyl occur ® at 2434 and 2380 cm.", 
and in gaseous trimethylamine-borine * the B-H stretching frequency occurs at 2390 cm." 
and the BH, bending frequency at 1178—1169 cm.*. 

Pyridine Adducts (Table 1).—As expected, changes in the ligand have relatively little 
effect on the ring vibrations. The ring-stretching frequencies (cols. 2—5) have been 
discussed! The frequencies given in cols. 6, 8, and 9 are assigned to CH in-plane deform- 
ation modes corresponding to those in monosubstituted benzenes at ca. 1155, 1073, and 
1028 cm.*, respectively. The B-N stretching frequency is considerably shifted from its 
position for the trimethylamine complexes but is remarkably insensitive to changes in 
the boron compound. 

4-Substituted Pyridine—Boron Trichlorides (Table 4).—In the 1600—1400 cm. region 
the four usual ring stretching frequencies are shown (cols. 1—4). The first band occurs 
near 1640 cm. but is lower for the chloro-compound (cf. other series); the intensity 
decreases as the substituent becomes more electron-attracting. The intensity of the second 
band, at 1570—1555 [1564 +- 5] cm.1,* is higher for both electron-attracting and electron- 
donating substituents in the 4-position than for weakly interacting groups. Another 
band occurs at 1511—1492 cm.", except for the compounds with electron-attracting sub- 
stituents; the intensity is highest for the methoxy-compound. The position of the band 


* Parentheses indicate values of ¢, and square brackets arithmetical means and standard deviations. 


1 Part V, J., 1958, 4162, and references therein. 

2 (a) Katritzky and Lagowski, /., 1958, 4155; (b) Katritzky, Monro, Beard, Dearnaley, and Earl, 
J., 1958, 2182. 

3’ Bax, Katritzky, and Sutton, /., 1959, 1258. 

4 Peterson and Bauer, ‘‘ The Infrared Spectra of Lewis Salts,’’ Cornell University report, 1955. 

5 Taylor, J. Chem. Phys., 1957, 26, 1131. 

* Price, Frazer, Robinson, and Longuet-Higgins, Discuss. Faraday Soc., 1950, 9, 131. 
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at 1460—1430 cm."! is lowered as the electron-accepting ability of the substituent increases; 
the intensity is (75—210) {(140 + 50)|.* The significance of these intensity variations has 
been discussed.! 

The B-N stretching frequency (col. 5) occurs at 1095—1074 cm.* (200—310) [(260 + 
35)}|; its position is lowered as the electron-attracting power of the 4-substituent increases; 
this is as expected since the B-N bond will be weaker in these compounds. A band at 
1054—1038 cm. (15—85) (col. 6) is assigned to a CH in-plane bending mode analogous 
to that at ca. 1018 cm.* for para-disubstituted benzenes. The B-Cl stretching frequency 
(cf. Table 3) occurs at 843—820 cm. (60—190) (col. 7). 

The nuclear bands of 4-ethoxycarbonylpyridine—boron tribromide (Table 4; No. 7) 
closely resemble those of the analogous trichloride, and, except for the B-N band, are 
included in the above ranges and statistical treatment. Table 4 also gives the nuclear 
bands of two 3-substituted pyridine—boron trichlorides. 





Experimental.—The following were prepared as previously described.’ 4-Ethylpyridine-, 
prisms (from ethanol), m. p. 109—111° (Found: C, 37-4; H, 3-9; N, 6-1. C,;H,NBCI, requires 
C, 37-5; H, 4:0; N, 6-2%) and trimethylamine-boron trichloride (from ethanol), m. p. 237— 
240° (decomp.) [lit.,8 m. p. 245° (corr.; decomp.)] (Found: C, 20-5; H, 5-3. Calc. for C;H,NBCI, 
C, 20-4; H, 5-2%). 

Preparation of the other compounds has been described: ** they were recrystallised or 
redistilled before measurement. Measurements were as previously.” 


I thank Dr. E. V. Ebbsworth for calling my attention to the work described in ref. 4, 
Professor H. J. Emeléus for making the report available to me, and Professor Bauer for per- 
mission to quote from it, Mr. E. W. Randall for conductivity measurements, and Drs. N. 
Sheppard and J. M. Lagowski for discussion. The work described in this and the two following 
papers was carried out in part during the tenure (by A. R. K.) of an I.C.I. Fellowship. 


THE Dysons PERRINS LABORATORY, OXFORD. 
THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. Received, November 17th, 1958. | 


7 Bax, Katritzky, and Sutton, /., 1958, 1254. 
8 Phillips, Hunter. and Sutton, /., 1945, 146. 





413. Infrared Absorption of Heteroaromatic and Benzenoid Six-membered 
Monocyclic Nuclei. Part VII.* para-Disubstituted Benzenes. 


By A. R. Katritzky and P. Simmons. 


Absorption due to the para-disubstituted benzene ring in 69 compounds is 
recorded. The variations of the positions and intensities of nine character- 
istic bands with the nature of the substituents are discussed. The intensities 
of the ring-stretching frequencies at 1600—1400 cm. depend on the charge 
disturbance of the ring in a manner similar to that in monosubstituted 
compounds. 


PREVIOUSLY we showed that for monosubstituted benzenes,™ pyridines,” pyridine 1- 
oxides, and pyridine—boron trichloride adducts,* the intensities of the characteristic 
bands depend on the nature of the substituent. Variations in the intensities of the ring 
stretching bands at 1600—1400 cm. have been correlated with the charge disturbance 
created in the ring by the substituents and/or hetero-groups. We now extend this work 
to polysubstituted compounds; this and the following paper deal respectively with the 
absorption of the para- and the meta-disubstituted benzene ring. 


* Part VI, preceding paper. 
1 Katritzky and his co-workers, J., 1598, (a) 4155, (b) 2198, 2202, 3165, (c) 2192, 2195, (d) 4162, (ce) 2182. 
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Problems in presenting the data arise because there are two substituents (t.c., two 
variable parameters). Various measures of the effect of a substituent on a benzene ring 
are available; some examples are given in Table 1. There is no order in which substituents 
can be uniquely arranged; substituents can interact by inductive and mesomeric effects 
and have different polarisabilities, which can be invoked to a varying degree. However, 
on the basis of qualitatively similar effects, substituents can be divided into: (i) amino, 


TABLE 1. Mesomeric moments and sigma constants for substituent groups 


Substi- Substi- 

tuent bu Cp Om o’ oR tuent pe Op Om o’ OR 
NMe, ... 1:66 —0-83 — - — BP ncsetecss 0-35 —0-17 —9-07 —0-05 —0-13 
oa 102 —0-66 —0-16 - — | See — —0-:15 —0-07 - — 
Seen - -0-37 +012 +025 —0-61l , ere 0-0 —0-01 0-06 0-10 —0-09 
OMe ... 0-96 —0-27 +011 +0-23 —0-50 Ce cence 0-45 +066 +056 +059 +0-07 
ORE .cscce —0-24 +01 — -— CO,Et ... 05 +0-45 +0-37 +0-32 +0-20 
Oe aedatie 0-41 +0-23 +037 +047 —0-24 COMe ... 056 +050 +038 +027 +0-25 
ae 0-43 +023 +039 +045 —0-22 a 0-76 +078 +0-71 +063 +0-15 


pu Tepresents mesomeric moments of benzenes (cf. Everard and Sutton, J., 1951, 2818, and 
references therein). 

Cp, Om, o’, aNd og represent, respectively, Hammett’s sigma para and meta constants, polar sub- 
stituent constants, and resonance substituent constants (see Taft, in Newman’s “ Steric Effects in 
Organic Chemistry,’ Wiley, New York, 1956, p. 556 et seq., and McDaniel and Brown, J. Org. Chem., 
1958, 23, 420). 


hydroxy, and alkoxy groups; (ii) chlorine, bromine, and iodine atoms; (iii) groups with 
a saturated carbon atom adjacent to the ring; (iv) those attached to the ring by an un- 
saturated carbon atom; (v) cyano, alkoxycarbonyl, acyl, and nitro groups. For brevity, 
these substituent types are denoted as follows; donor (d), halogen (x), saturated carbon (s), 
unsaturated carbon (u), and acceptor (a). The effect on the infrared spectrum of an 
unsaturated carbon substituent is similar to that of a saturated carbon substituent except 
when it is fara to a (strong) donor or acceptor group (t.e., conditions of high polarisation) ; 
therefore, in other environments, these types of substituents are considered together and 
denoted as “ weak (w)."" The para-disubstituted benzenes are arranged in Table 2 in the 
order: dd, dx, xx, ds, xw, ww, du, da, ua, xa,sa,aa. The order for the meta-disubstituted 
benzenes (following paper) is identical except that categories du and ua disappear, and 
ds and sa become dw and wa. 

The spectra were measured in chloroform, and apparent extinction coefficients were 
recorded.! Solvent absorption obscured CH deformation modes below 800 cm.1; the 
concentration used was not sufficient to distinguish the combination modes at 2000— 
1650 cm."!, and the sodium chloride prism gave poor resolution in the 3000 cm.*! region. 
Thus, this work is concerned with four ring-stretching modes at 1600—1400 cm., four 
CH in-plane deformation modes at 1300—1000 cm."!, and one of the CH out-of-plane 
deformation modes. The bands observed are recorded in Table 2. 

Randle and Whiffen? treated statistically the spectra of many fara-disubstituted 
benzenes and listed arithmetical means and standard deviations for eight characteristic 
bands in the 1600—800 cm.“ region. They obtained data from many sources, measured 
under various conditions, and were unable to give precise intensities or to correlate between 
intensity and position of a band. McMurry and Thornton ’ give data for para-dialkyl- 
benzenes, and para-dihalogenobenzenes have been studied in detail. 

Ring-stretching Frequencies (Table 2, cols. 1—4).—The first band occurs at 1616—1592 
[1606 + 6]* cm. and for certain types of compounds the range is smaller: du, da, and 
ua at 1608—1597 [1602 + 3] cm.!; xa, sa, and aa at 1616—1604 [1610 + 3] cm... The 


* Randle and Whiffen, Paper No. 12, Report on Conference of Molecular Spectroscopy, 1954. 
Institute of Petroleum. 


% McMurry and Thornton, Analyt. Chem., 1952, 24, 318. 
* Stojiljkovic and Whiffen, Spectrochim. Acta, 1958, 12, 47, 57. 
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second band occurs at 1590—1570 [1579 + 6] cm.* but is frequently obscured and some- 
times absent. The next band is at 1522—1469 cm.*; the position is lowered by halogen 
atoms and acceptor substituents: 


ee re oi aie chorea cucaentnaeiaeaets 1522—1504 [1511 + 4] cm.1 
ie A i GN sie oicinccscovasscescnnncckacaenscaanabecteaeen 1502—1479 [1491 + 7] cm.* 
Ts TE: ceindccarnidnindicdinantinnnasianidhedanibsidadecsaetanasamuiauniien 1479—1469 [1475 + 4] cm.? 


A last band in this region occurs frequently at 1422—1396 [1409 + 8] cm.+ (but at 1392— 
1382 cm.1 for dihalogeno-compounds). These bands were previously? reported at 
(1620 + 8 (m), 1571 + 11 (w), 1512 + 12 (vs), and 1450 + 10 (m)] cm.*; the most 
serious discrepancy in position is that of the last band. Bands at 1656—1633 cm. (5) 
and 1521—1510 cm. (100) were reported ® for dialkyl compounds. 

para-Disubstituted benzenes with identical substituents are of V, symmetry; those 
with different substituents are of Cz, symmetry. The predictions’ concerning the 
intensities of the four ring-stretching frequencies of monosubstituted benzenes, pyridines, 
etc., of Ca, symmetry should therefore apply. In agreement with this, the intensity * of 
the A, vibration near 1606 cm.* (I) is low when the substituents are of the same type and 
increases with increasing difference between the substituents. The unsaturated carbon 
atoms can evidently be polarised by both strong donor and strong acceptor substituents. 
A nitro-group para to another electron-accepting substituent still causes an appreciable 
charge disturbance in the molecule; a similar effect has been noted for ultraviolet spectra.® 


dd, xx, xw, ww, aaf ......... Dc uninninenctdinomeesiagebedninunibaibune (O—30) [(5)} 

Bs MD cisvhitninancineernainterennnehisinienatniin Sais sebhniipeaieneeleweiintoiines biel (30—55) [(45 + 10)]} 
A A TE S cnsnnstctssccctecisnnnsinniocenttiemanntinnianenianiia (40—1 25) [(100 + 20)]} 
Oi FEE sensvcnecncnniecinmicaninnantinvicnncinidianntenaneantdiétabans (85—240) — + 55)] § 
Ciniuesijnissesiakantniasinetiiiervenabaiiiniactipe as biiniiaiuiaedanaisidnatielid (200—530) [(340 + 100)} 


The B, vibration near 1579 cm. (II) should show intensities that are lower than the 
previous band but vary with the nature of the substituents in much the same way. Al- 
though the band is often not resolved or is only partly resolved (shoulder), the band is 
usually more intense for compounds with substituents of different types and less intense 
than the preceding mode (except for the halogenonitro-compounds Nos. 50, 51). 


BR, Bi Be TI TOG GD. cnccencnseneininnsitntnscnniionnnntinnenat (O—15) [(5 + 5)] 
is GE, GR, Wg Bie ciceesnenesnesnnncsncasscccerestonseniipnitieabereneinniinniionl (O—95) [(30 + 25)] 


The intensity of the A, vibration near 1500 cm. (III) should be approximately the 
same as for benzene (40) for compounds with substituents that interact weakly with the 
ring. For other substituents it should show variations which cannot be predicted from 
first principles; !4 for the monosubstituted compounds, donor substituents were found to 


* Parentheses indicate apparent molecular extinction coefficients and square brackets arithmetical 
means and standard deviations. The intensities of shoulders and superimposed bands and the positions 
of shoulders are not treated statistically. 

+ The designation of the symmetry species of the vibration is not unambiguous for V, molecules. 
In our work, as in ref. 4, yz is taken as the plane of the molecule, with the z axis passing through the 
substituents; in ref. 2 (published before the recommendations of J. Chem. Phys., 1955, 28, 1997) another 
convention has been used. 

¢ Here aa indicates identical acceptor groups (Nos. 61, 62, 69), and aa’ different acceptor groups 
(Nos. 63—68). 

§ Except No. 25 for which the intensity is (500). 


5 Schubert, Craven, Steadly, and Robins, J. Org. Chem., 1957, 22, 1285. 
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increase and attractor substituents to decrease the intensity. This is the case here 
also: 


EC, Tihiccacesnncinsnccisdesacciencittasiindosenniisnnbastapeumnnintes (185—380) [(265 + 75)] 
iy FR, Ts itnidccntsessctnsriessii in eninciinieneinions (100—200) [(140 + 25)) 
Gs ccciicdnicknndvekisnenisivinnnicnmibhasdinnibiads mwkiaecbonneiimenmeinaeds (15—90) [(50 + 25)] 
sania cneadinnsesicdnandpedeaqenbcteinisaidintabtaOteheaieetaene (O—45) [(20 + 15)] 


except that the intensity is very irregular for those compounds in which the substituents 
interact strongly: du, da, ua (20—280) [(120 + 75)}. 


Oo OO % 


(I) Ay (Ag) (1) B, (B,g) (III) A, (B,) (IV) 8, (B3,,) 


The intensity of the B, vibration near 1409 cm. (IV) should be approximately (40) 
and not vary regularly with the electron-donor or -acceptor ability of the substituents. 
Agreement is least satisfactory in this case. This region of the spectrum is obscured by 
substituent absorption for 31 compounds, and for 8 of these this band appears as a shoulder. 
Of the remaining compounds, 18 showed no band, and 20 absorb with intensity (10—55) 

(30 +. 15)} except that it is higher (100—120) for alkoxycarbonyl compounds. Com- 
pounds with electron-accepting substituents tended to show more intense absorption; 
this was also noticed with monosubstituted compounds. 

In-plane CH Bending Vibrations (Table 2, cols. 5—8).—Absorption at 1300—1264 cm."! 
(15—85) [1285 + 11 cm.+ (35 + 25)] for most of the ua, xa, sa, and aa compounds is 
presumably the By-Bs, mode, previously expected, but not found,” near 1290 cm.*. 

The A,—A, mode occurs at 1190—1164 [1175 + 6] cm. except that for aa compounds 
the frequency is depressed to 1168 1156 [1162 + 6]cm.7+. The intensity depends on the 
substituents present: 


MD, Siacanninnetdesh snidiembyhannias hata senitudbaicncteeveenstiea ainsi (130—320) [(175 + 60)] 
SS ER eS eeeee (15—115) {(50 + 30)] 
I cls susisdins 3h sinncsecgehbdabacetacs altebetnaidacen etieh dele blutatcd capella’ band absent 

Sie INE so vinlstscrictinsedeniensastnnineAbaaianincabadiabbaeadsdinsendadeaalaniads (O—45) [(15 + 10)} 


The B,-Bz, vibration absorbs at 1128—1100 [1111 + 7] cm.'. The intensity varies 
with the type of substituents present: 


dd, dx, xx, ds, xw, ww, du_......... (15—80) [(25 + 15)] 

TED cciicnndsavecncsversssetianinwnennetesied (155—440) [(275 + 85)], when a is the nitro-group; 
otherwise (15—20) 

nae ene (10—135) [(65 + 35)] 


The A;—B;, mode occurs at 1022—1004 [1013 + 5] cm.7; the intensity depends on 
the substituents: 


i sic niissiinennacinnasmnsiaiinnianninbninctinciabhiossinsmeesianmmunnanstcniesee (190—330) 

MW, MM. cccsrsccrrescccsesccssserescsccsscccessccccssscsecsssscccesccscccecsseees (OO—100) ((110 + 35)] 
BG OD. srectcteetctn snd ctcecieasestancevenioniscesegpeciectiunsninienaaiioael (10—165) [(45 + 35)] 
a Ee sen cncncsvnnnsonimncnaicsaeuiibiiiiaatiineababtianeniniblintadansel (O—30) [(15 +- 10)] 
TD incveunskudtuutitassasspandcannieiadeneasaicDiecuntsaeiddincusaeill absent 
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The last three bands were previously reported ? at [1179 + 7 (s), 1125 + 10 (var), and 
1018 +. 10 (s)] cm.*. Bands were found* for p-dialkylbenzenes at 1230—1195 cm.* 
(5), 1205—1175 cm. (5), 1130—1090 cm.-! (20), 1070—1035 cm.-1 (20), and 1030—1010 
cm. (10). The positions and intensities of the A;—B,, band near 1013 cm.* given by 
Randle and Whiffen * for several compounds agree reasonably with the present results; 
for this band, it was shown ® that for p-halogenomethyl- and -dihalogeno-benzenes, the 
band intensity increased with the mass sum of the substituents. 

Out-of-plane CH Bending Mode (Table 2, col. 9).—The Bz—Bs, mode is shown at 828— 
808 [819 + 6] cm. for compounds in classes dd —» ww (Nos. 1—24) (except for Nos. 
15, 16, 20, and 23 where the band is apparently masked by solvent absorption below 805) 
and at 857—824 [841 + 10] cm.+ for the other compounds (except for No. 52 with a 
frequency of 816 cm.*; the cyano-group often does not behave as a strong electron 
acceptor; cf. ref. 1). The intensity is (60—240) [(155 + 50)) for compounds in classes 
dd —» xa (Nos. 1—51), but for compounds of the sa class it is often much lower (30—165), 
and in the aa class the intensity is very high for the dinitro-compound (No. 69), very low 
for the dialkoxycarbonyl compounds (Nos. 61, 62), and intermediate for the others. 

This band has been much studied previously. Ranges of [817 + 13 (vs)],? 833—810 
(200),3-? and 860—800 cm. § have been suggested. Many individual values for the band 
position have been quoted (see, e.g., refs. 9—11) which generally agree well with our values. 
Attempts have been made to correlate the positions of the band with Hammett’s values 1° 
and with shifts observed in monosubstituted: benzenes.™ 

Substituent Bands.—With few exceptions, all other bands of e, > 15 for these com- 
pounds could be assigned to the substituents. Those for pyridine and pyridine 1-oxide 
rings have already been published.? 


Experimental.—The preparations of fhe compounds containing a pyridine or pyridine l-oxide 
ring have been given elsewhere."!2_ The other compounds were commercial products or were 
prepared by standard methods. All compounds were recrystallised or redistilled immediately 
before measurement and had melting or boiling points in agreement with literature values. 


The spectra were measured on the Oxford Perkin-Elmer 21 spectrophotometer with a 
sodium chloride prism, slit programme 4, and the settings previously reported.” ¢, values were 
calculated as before (see ref. 1a). 


THE Dyson PERRINS LABORATORY, OXFORD. 
THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, November 17th, 1958.} 


®* Randle and Whiffen, Trans. Faraday Soc., 1956, 52, 9. 

7 Jones and Sandorfy, in Weissburger, ‘‘ Techniques of Organic Chemistry, Vol. IX. Chemical 
Applications of Spectroscopy,” Interscience Publ. Inc., London 1956, p. 391. 

8 Bellamy, ‘“‘ The Infrared Spectra of Complex Molecules,”” Methuen, London, 1958, 2nd Edn., p. 
65; Colthup, J. Opt. Soc. America, 1950, 40, 397. 

® Whiffen and Thompson, /J., 1945, 268; Bell, Thompson, and Vago, Proc. Roy. Soc., 1947, A, 192, 
498; Cole and Thompson, Trans. Faraday Soc., 1950, 46, 103. 

10 Bellamy, J., 1955, 2818. 

1t Margoshes and Fassell, Spectrochim. Acta, 1955, 7, 14. 

12 Hands and Katritzky, J., 1958, 1754. 
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414. Infrared Absorption of Heteroaromatic and Benzenoid Six-membered 
Monocyclic Nuclei. Part VIII. meta-Disubstituted Benzenes. 


By A. R. Katritzky and P. StmMMons. 


Absorption due to the meta-disubstituted benzene ring is recorded and 
discussed for 43 compounds. 


FOLLOWING work on fara-disubstituted benzenes,! we now report on 43 meta-disubstituted 
compounds (Table 1). The object of the work, the conditions of measurement, the regions 
of the spectrum investigated, and the arrangement of the tables are discussed in the preced- 
ing paper,! and the notes therein on substituent bands and experimental details also apply 
to this work. 

Ring Stretching Frequencies at ca. 1600—1400 cm. (Table 1, cols. 1—4).—The first 
band occurs at 1622—1610 [1616 + 4] cm. for compounds containing a strongly electron- 
attracting group (Nos. 22—43 +), at 1580—1572 cm. when two halogens are present 


(I) A, (II) By (IIT) A, (IV) By 





(Nos. 9, 10), and at 1611—1597 [1603 + 4) cm. for the other compounds. A second band 
occurs at 1595—1575 [1586 + 5] cm. except for the dinitro-compound (No. 43). The 
third band is at 1460 cm. when two halogens are present (Nos. 9, 10); the position is 
1495—1471 cm. for the other compounds, but tends to lower frequencies as the electron- 
attracting ability of the substituents increases: 





to iste acaiais heiasemmtiisheia gan caceeaeehioieitahae ait 1—8, 11—19 20—35 36—43 
NIN: ccanicn sta uindinateubnanesnes daleoa butane 1495—1479 1483—1475 1478—1471 cm." 
Mean and deviation .................0..000: 1489 + 5 1480 + 3 1475 + 3 cm. 


The intensities of these bands depend on the substituents present (Table 2). 

The fourth band in this region occurs at 1467—1447 [1458 + 7] cm. for compounds 
containing a donor group, a halogen atom, or two weak groups (Nos. 1—8 and 11—27), 
and at 1443—1430 [1437 + 6) cm. for other compounds (Nos. 28—43), except that the 
dihalides (Nos. 9, 10) absorb at 1413—1410 cm.!. This band is frequently obscured, and 
the intensities are irregular (56—65) [(35 + 20)}. 

Randle and Whiffen ? reported these bands at [1611 + 9 (s), 1590 + 7 (s), 1499+ 7 
(vs), and 1447 + 15 (m)) cm.?; these positions are in reasonable agreement with our 
results except for the third band. Our assignment of the bands to vibrations (I)—(IV), 
respectively, although slightly different from the previous one,? appears to explain the 
intensity variations better (see below). 

Alterations in the charge density of a ring by the mesomeric effect of a substituent are 


+ Except No. 33 where the low frequency is probably partly due to overlap with a heterocyclic 
nuclear band. 


? Katritzky and Simmons, preceding paper. 
* Randle and Whiffen, Paper No. 12, Report on Conference of Molecular Spectroscopy, 1954, 
Institute of Petroleum. 
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greatest in the ortho- and para-positions. Thus, meta-substituents of the same and opposite 
type respectively reinforce and lessen charge disturbance. Vibrations (I) and (II) (Table 1, 
cols. 1 and 2) should show intensities proportional to the amount of charge disturbance in 
the ring,’ and this is so (Table 2) (donor groups appear to disturb the charge symmetry more 
than acceptor groups,? and weak groups are weak electron donors). For monosubstituted 
compounds the vibration analogous to (III) is intensified by electron-donor substituents,® 
and this is also true in the present series (Table 1, col. 3; Table 2). The intensity of 
the fourth band (Table 1, col. 4) shows little dependence on the substituent type, as 
expected. 

In-plane Hydrogen Deformation Modes (Table 1, cols. 5—8).—A band which occurs at 
1297—1262 cm.*! (5—50) [1278 + 12 cm. (30 + 15)] for 13 compounds is absent for four 
others, and the region is obscured by substituent absorption for the remainder. 

A band or shoulder at 1192—1181 cm.* for nine compounds {for Nos. 1—6 and 12—14, 
respectively: 1181 (35) 1192 (35), 1183 (190), 1190 (70), 1180 (285), 1185* (85), 1186 (55), 
1190* (25), 1182 (65)} appears to be a subsidiary of the band at 1157 +5 cm.%. The 
intensity of the band at 1166—1149 [1157 +. 5} cm.* (col. 6) is enhanced by the presence 
of strong electron-donor groups, particularly alkoxyl and hydroxyl: 


sidan siianun 4, 5,6 2,3 12, 13, 14 1 (eS ei 9, 10, 15—43 
eee OR, OR OR, NH, OR, Me NH,, NH, NH, with Me, others 

. Cl, or Br 
Da icketavescaives 310—440 165—280 150—155 110 25—50 < 25 


Compounds with a strong electron-attracting group, two weak groups, or two halogen 
atoms (Nos. 9, 10, 20—43) show a band (col. 7) at 11091082 cm. (10—75) [1096 +. 7 
cm.1 (30 + 15)]. Another band (col. 8) is found at 1091—1061 [1076 + 7] cm.1. The 
intensity is high (60—135) for compounds containing two nitro-, ethoxycarbonyl-, or 
methoxycarbonyl-groups (Nos. 34, 35, 37, 38, 43) and moderate (20—50) [(30 + 10)} for 
compounds containing one of these groups (Nos. 22—33, 36, 39—42); the band appears 
(<45) for five of the ten other compounds in which the region is not obscured by 
substituent absorption. 

Randle and Whiffen ? expected, but did not find, the first BCH frequency (Table 1, 
col. 5) at >1200 cm.+; they reported other bands at [1165 +- 6 (var.), 1081 + 10 (m), and 
1045 + 7(m)cm.*). Agreement with the present work is good for the first and the second 
band, but instead of the band near 1045 cm.1, we find absorption near 1096 cm.7. 
McMurry and Thornton report * bands at 1200—1155 cm. (10), 1185—1150 cm.* (10), 
1120—1085 cm.* (10), and 1060—1030 cm.* (10) for meta-dialkylbenzenes. 

Ring-breathing Frequency (Table 1, col. 9).—Twenty-five of the compounds absorb at 
1002—990 cm. (5—70) [995 +. 3 cm. (20 + 15)], and the band is absent for nine com- 
pounds; it was previously reported ? at [999 + 5] cm.* (var). 

Out-of-plane Hydrogen Deformations (Table 1, cols. 10—12).—Compounds with two 
strong donor groups absorb in the 950 cm.* region {for Nos. 1—6 respectively 952 (25), 
940 (25), 960* (10), 920* (15), 977* cm. (20), (—)}. A band at 930—903 [914 + 8) 
cm. is shown by most compounds with an electron-attracting group and some others. 
The intensity is (5—45) [(20 + 10)], except for the dinitro-compound (No. 43). Another 
band occurs at 841—828 [836 + 5} cm. for donor-donor compounds (Nos. 1—6) and at 
903—862 [880 + 11] cm." otherwise; the intensity is (10—95) [(40 + 25)). Absorption 
is sometimes shown just above the solvent cut-off at 805 cm.7. 

These bands were previously reported ? at [964 + 10 (w), 904 + 13 (var), 876 + 10 (vs), 
and 782 + 9 (vs)] cm., respectively. The second and the third band were found * for 
meta-dialkylbenzenes at 930—880 cm.* (10) and 895—860 cm. (20). An attempt has 








3 Katritzky, J., 1958, 4162. 
* McMurry and Thornton, Analyt. Chem., 1952, 24, 318, 
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been made * to correlate a band at 906—838 cm. with the sum of Hammett’s meta-sigma 
constants for the substituents. 

THE Dyson PERRINS LABORATORY, OXFORD. 

THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, November 17th, 1958.] 

5 Bellamy, J., 1955, 2818. 





415. Infrared Absorption of Substituents in Aromatic Systems. 
Part I. Methoxy- and Ethoxy-compounds. 


3y A. R. Katritzky and N. A. Coats. 


The absorption bands caused by the methoxyl group in twenty-three 
compounds, and the ethoxyl group in fifteen compounds, are recorded and 
discussed. 


KATRITZKY and his co-workers }* have shown that a heteroaromatic or benzenoid ring 
substituted in the same position(s) possesses characteristic bands, the frequencies and 
intensities of which are either reasonably constant or vary in a regular manner with the 
electronic nature of the substituent. The remaining bands of e, > 15 are (with few 
exceptions) characteristic of the substituent and are also reasonably constant or show 
variations of intensity and/or position which can be correlated with the nature of the ring. 

Details of these bands have been published for some carbonyl compounds;! this 
series will deal with other substituents. In this paper the absorption caused by methoxyl 
and ethoxyl groups is reported. For conditions of measurement, the justification for 
recording apparent extinction coefficients, and the errors and approximations involved 
therein, see ref. 1. The results are given in Tables 1 and 2. 

Although dimethyl ether has been studied in detail,‘ relatively little has been reported 
for aromatic ethers.*>® In the most extensive investigation before the present work, 
Briggs et al. measured eleven methoxy- and three ethoxy-compounds (as mulls, films, or 
in potassium bromide or carbon tetrachloride) and proposed several characteristic bands 
for each group. The results of the previous workers are compared below with our 
conclusions. 

The 3000 cm. Region.—The symmetric methyl CH stretching frequency of methyl 
ethers was previously § reported at 2832—2815 cm. (calcium fluoride prism), and even 
with the poor resolution of the sodium chloride prism a band or shoulder is shown for the 
benzenoid methoxy-compounds at ca. 2850 cm.+; for the heterocyclic derivatives, this 
region is usually obscured by the CH stretching of the hydrogen-bonded solvent *4 
(Table 1, col. 1). 

The 1500—1350 cm.! Region.—Bands are found at 1468—1458 cm.? (50—80) 
(1463 + 3 cm.! (60 + 10)] * and 1445—1432 cm.? [1440 + 4 cm.) for the methoxy- 
compounds (Table 1, cols. 2and3). The intensity of the latter band is (30—60) [(40 + 10)] 

* Apparent extinction coefficients are enclosed in parentheses and standard deviations in brackets 
(cf. ref. 1). The intensities of shoulders and superimposed bands and the positions of shoulders are not 
treated statistically. 

1 Cf. Katritzky, Monro, Beard, Dearnaley, and Earl, J., 1958, 2182. 

2 (a) Katritzky and Gardner, /., 1958, 2198; Katritzky and Hands, ibid., pp. 2195, 2202; Katritzky, 
Hands, and Jones, ibid., p. 3165; Katritzky and Gardner, ibid., p. 2192; Katritzky, J., 1959, 2049; 
Katritzky, Beard, and Coats, unpublished work. (b) Katritzky and Lagowski, J., 1958, 4155. 

3 Katritzky, J., 1958, 4162. 

* Herzberg, ‘‘ Infrared and Raman Spectra of Polyatomic Molecules,”’ Van Nostrand, Princeton, 
1945, p. 353. 

5 Lecomte in “‘ Traité de Chimie Organique,’’ edited by Grignard, Masson et Cie, Paris, 1936, Vol. 
II, p. 238; Jones and Sandorfy in Weissburger, ‘“‘ Technique of Organic Chemistry,’ Interscience Publ. 
Ltd., London, 1956, Vol. IX, p. 435. 

® Colthup, J. Opt. Soc. America, 1950, 40, 397. 

7 Tschamler and Leutner, Monatsh., 1952, 88, 1502. 

8 Henbest, Meakins, Nicholls, and Wagland, J., 1957, 1462. 

* Briggs, Colebrook, Fales, and Wildman, Analyt. Chem., 1957, 29, 904. 
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for the benzenoid compounds (Nos. 1—16) but appreciably higher (70—110) for the hetero- 
cyclic compounds. Absorption occurs at yrs cm.! (35—115) [1476 +3 cm.! 
(80 + 20)], 1448—1442 cm. (20—35) [1444 + 2 cm. (25 + 5)], and 1398—1385 cm.* 
(35—110) [1392 + 3 cm. (60 + 20)] for the ethoxy- -compounds (Table 2, cols. 1, 2, and 3). 
These bands have been assigned (see Tables) by comparison with the corresponding esters. 


TABLE 1. Methoxy-compounds. 


l 2 3 4 5 6 
CH, CH, bending COC sym. 
vCH asym. sym. COC asym. stretch stretch 

No. Ring cm.-? ¢, cm. e, cm. e«, cm. e, cm.* ee, cm. £4 
55 1244 «25 9 130 

1 Ph =—=em auecaco{ia, 2 oo * 
2 C,HyNH,-m 2850* 15 1460 70 1440 40 1300* 55 1288 100 1038 120 
sie ne dane ina £1282 15051048 160 
3 C,HyOMe-m 2830 45 1459} 135 1437 100 (—) {i505 440.1039 170 
4 C,HyOH-m 2360 15 1464+ 85 1442 60 1329 65 1286 135 1040 105 
5 C,HyMe-m 2850 20 1467¢ 75 1436 35 1290 90 1260 150{;00S oP 
6 C.HyCH:CH-CO,Me-m 2840 20 1460¢ 90 1438¢ 145 1273* 215 1260* 235 1041 135 
7 C,Hy-CH:CH-CO,Et-m 2850* 20 1465+ 110 1432¢ 80 (—) 1257 * 250 1040+ 180 
t 180 

8 C.HyNO,-m 2840* 15 1458 55 1440* 40 1283 155 1246 240{1020* 190 


(1327 15 (1236 230) 1085 «115 


9 C,HyNH,-p 2850 15 1468 50 1443 35 {j593 39 

10 C,H,OMe-p 2850 40 1464 100 1442 80 1291 35 (1225 270) 1042 220 

11 C,H,-OH-p 2840 25 1467 80 14367 90 1294 45 (CHCI,) 1034 170 

12 C,HyMe-p 2840* 25 1465 55 1442* 40 1293 75 1242 210 1033 105 
1325* 15 1252 290 1034 125 


13 C,H,(CH:CH-4P)-p 2850* 20 1465 55 1445 30 1280 130 


--£1330* 20 1247+ 450 1028+ 230 
"9.1975 * 145 
(1315* 25 1247 310 1029 130 


14 C,H,(CH:‘CH°4PO)-p 2855* 25 1465* 120 1450* 


15 C,H,(CiC-4P)-p 2850* 30 1463 50 1442 35.1986 145 
16 C,H,-NO,-p 2850 25 1459 80 1442 50 1295 105 1262 490 1028 190 
17 4P (—) 1466 75 1445 90 —- 1288 260 1033 205 
“ . “ . ~f1292 26051045 ¢ 110 
18 2P (—) 1470* 45 1445 110 1312 145{3548 jos\j000. 115 
19 4PO (—) 1464 60 14407 135 1292 210 1027+ 290 
20 4PO(3Me) (—) 1460 * 105 1442* 115 1300 50 1283 310 1028 280 
21 3PO (—) 1460 70 1438+ 160 - 1308 165 1043 115 
22 2PO (-)  1459* 70 1440" 85 - cael 

~/é ‘ 

23 4PBCl, — 1466+ 75 1440 70 1331* 55 1313 220 1013 100 
* Shoulder. 7 Absorption considered to be the superimposition of two peaks. -—— Absence of 


absorption. (—) Band masked by stronger absorption. (CHCI,) Band masked by solvent. { Band 
the intensity of which is markedly raised by overlap. 

Ph phenyl, P substituted pyridine, PO substituted pyridine: l-oxide, PO(3Me) substituted 
3-methylpyridine l-oxide; the position of the substituent is indicated by a numeral. 

€, values in italics indicate absorption by two alkoxyl groups in similar environments. 

Unexplained bands (ce, > 15) were show n for compound No. 19 at 2470 (25) and 1567 (25) cm. 
for No. 17 at 1633 (30) and 837 (55) cm.-1; for No. 21 at 1080 (15) cm.-!; and for No. 22 at 3300 
(25) cm.-. 


Methyl esters under the same conditions of measurement! show only the CH, sym- 
metrical deformation at [1439 + 3 cm. (110 + 15)]; however, a weak shoulder on this 
band is shown ?° for methyl acetate at 1456 cm."! due to the asymmetrical vibration. The 
changed environment of the methoxyl group in the ethers thus weakens the intensity of 
the symmetrical deformation and strengthens that of the asymmetrical deformation; the 
intensity of the symmetrical CH, bending frequency for the methyl ethers is highest for 
the heterocyclic compounds in which the heterocyclic rings have some of the electron- 
accepting ability of the carbonyl group. 

Ethyl esters show CH, scissor [1465 -+ 3 cm.? (35 + 10)] and wagging modes 

10 Nolin and Jones, Canad. J. Chem., 1956, 34, 1382. 
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TABLE 2. Ethoxy-compounds. 


1 2 3 4 5 
CH, CH, bending COC asym. 
scissor asym. sym. stretch 
No. Ring cm.~? fa cm." fa cm, cA cm, ea cm. fa 
9 
1 Ph mehtmesampmpmesat Ss: -™_ = 
2 C,HyNH,-m 1476 75 1444 * 25 1390 40 (—) 1282 70 


f 1282 120 


3 C,H,OEt-m 1472 130 1447 70 1390 105 1330 50 \ 1260 120 
4 C,H, Me-m 1476 60 1443 35 1390 85 1286 70 1253 120 


5) C,H, NO,-m 1471 100 1442 35 1395 80 1282 140 1242 140 


2 5 (1230 2 
6 CGHeNH,p 1490 85 1443 «020 «1398 a5 { 1388 1B (1280260) 


7 C,HyMe-p 1480 35 1442 20 1390 45 1287 40 (CHCI,) 
s C,H, NO,-p 1476 75 1444 25 1395 55 1298 155 1259 390 
9 4P 175 80 1445 2 1395 40 1360* 25 { 1285 250 
: ne : : ” < \ 1255 110 
10 3P 1472 70 (—) 1390 35 1278* 105 1258 110 
. oe ‘ : ., § 1286 310 
ll 2 1480 ¢ 140 (—) 1385 70 1311 160 \ 1247 125 
12 4PO 1476 = 220 1448 ; 50 1398 70 1292 210 
13 4PO(3Me) (—) 1445 * 90 1393 110 1300 * 80 1281 320 
14 3PO0 1473 115 (—) 1397 65 _- 1308 210 
rn mK 4 on =p f 1313 310 
15 2PO0 1475 ¢ 125 (—) 1398 65 — L 1274 190 

6 7 8 9 
CH, CH, COC C,H, 
rock out- rock sym CC 
of-plane? in-plane? stretch stretch 

No. Ring cm. Ea cm,.-! Ea cm,-! fa cm, Ea 

] Ph 1114 55 1089 * 25 1045 135 919 30 

2  C,HyNH,-m 1112 50 1090 20 1043 110 972 30 

3 C,H,-OEt-m 1112 120 1086 40 1044 175 984 25 

" we . we ff 947 * 30 

4 C,H,Me-m 1113 50 1090 20 1045 85) 919 70 

5 C,HyNO,-m 1111 60 1094 ft 75 1042 145 956 40 

6 C,HyNH,-p 1114 60 1087 25 1046 115 920 30 

7 C,H,Me-p 1115 60 1090 20 1045 95 918 50 

8 C,H,NO,-p (—) 1088 * 30 1039 175 920 50 

‘ Z ox §£ 1039 190 922 50 

9 4] 1110 45 1088 => U 1010* 35 
" ‘ . on 5S 1050 90 915 20 
10 31 1112 60 1090 * 25 L 1032 50 

— . -» sf 1045f 180 ¢ 921 45 

ll 2} 1115 30 1091 35 1030 95 t 903 15 

2 4PO 1114 70 1088 20 1039 230 925 105 

13 4PO(3Me) 1108 55 1086 30 1039 240 916 150 

14 3PO0 1113 60 1092 40 1043 135 915 25 

- 4 ‘s . “ 928 50 

15 2PO 1120¢ 195 1090 35 1034 135 { 909 os 


For symbols, etc., see footnotes to Table 1. Unexplained bands (¢, > 15) were shown for com- 
pound No. 9 at 1700 (30) and 828* (40) cm.“*; for No. 12 at 1555 (15) cm.-!; and for No. 15 at 3370 
(135) cm.-. 

A band for No. 11 at 1266 { (140) cm. is probably a nuclear band (cf. Katritzky and Hands, /., 
1958, 2202). 


[1370 + 2 cm.* (100 + 10)} and CH, asymmetric [1446 + 1 (30 + 5)] and symmetric 
bending modes [1391-5+ 2 cm.1 (30+ 5)}].1 The CH, modes should, because of 
proximity, show the biggest difference between ester and ether; the wagging mode 
apparently disappears,* and the scissor mode is shifted and enhanced in intensity. The 
CH, asymmetrical deformation mode is little altered; the symmetrical CH, deformation 
mode is somewhat intensified. 


* Possibly the wagging frequency is shifted upwards and contributes to the apparent intensification 
of the CH, symmetrical bending modes. 
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We are thus able to make a more complete assignment of the bands in this region than 
previous workers who found ® absorption at 1471—1453 cm.*! (s) and 1361—1328 cm.+ (s) 
for methoxy-compounds (assigned respectively to the asymmetrical and symmetrical CH 
bending modes) and at 1473—1462 and 1389—1387 cm.* (intensity not indicated) for the 
ethoxy-compounds (assigned to the asymmetrical and symmetrical methyl and methylene 
modes *). It has also been reported by Jones e¢ al.> that methoxyl and methyleneoxy 
(-O°CH,*) groups do not show characteristic CH deformation frequencies in the 1500— 
1350 cm. region. 

The 1350—1240 cm.' Region.—For ROR’, when R = R’ the OR and the OR’ stretch- 
ing modes are coupled, forming an asymmetric and a symmetric mode. If R and R’ are 

appreciably different (e.g., aromatic and aliphatic), coupling is less important, 

/® and one mode is principally the OR and the other the OR’ stretching frequency. 

cS The strong band for the methyl and ethyl ethers (Tables 1 and 2, col. 5) at 1313 

to < 1240 cm." is principally the ring-oxygen stretching frequency because 

this has some double-bond character and will therefore absorb at higher 

XY) frequencies than the alkyl-oxygen mode; the regularities discussed below 

(1) confirm this assignment. Absorption is similar for corresponding methoxy- 

and ethoxy-compounds; for the latter the position is —2 to +7 [3 + 3] cm.+ 

lower than, and the intensity is 0-6 to 1-3 [0-9 + 0-2] times greater than, that of the former. 
The following discussion includes both the methoxy- and ethoxy-compounds. 

The frequency should be higher the greater the electron-withdrawing power of the ring, 
for this increases mesomerism of type (I) and thus the double-bond character of the 
oxygen-ring linkage. As expected, all the heterocyclic ethers absorb at higher frequencies 
than anisole and phenetole and in the order (series 1) of the electron-withdrawing ability of 


Ph < 3P < 4P ~ 2P < 4P0 < 3PO ~ 2PO ~ 4PBCly. .. Series 1 * 
0 19 44-48 4852 64—74 cm. 


the ring in various positions, an order which is in agreement with chemical “ and dipole- 
moment !* evidence, with the positions of the ring-nitrogen stretching band for amines,}* 
and with the intensity variation of ring nuclear bands.*_ The effect of para-substituents in 
the benzene ring is also as expected (series 2). However, meta-substituted benzenes are 


NH,, OMe, OH < Me < H < CH°‘CHX, Ci?CX < NO,....Series 2 
? (obscured by CHCl,) —2 0 3—8 18—20 cm.+ 


anomalous; the position is higher than expected (series 3) for compounds with electron- 


H < NO, < Me < OMe,t OEt,t OH, NHg... .Series 3 
0 2-3 14—-16 28—44 cm. 


donor substituents, possibly because of coupling with a nuclear band. 

The intensity is (70—150) [(115 + 30)] for the anisoles and phenetoles with a meta- 
substituent other than a nitro-group; in these phenetoles and in all the other compounds, 
the intensity is (110—490) [(260 + 65)]. Frequently a subsidiary to the main aryl- 
oxygen bond-stretching band is shown at somewhat higher frequencies (Tables 1 and 2, 
col. 4). 

Absorption at 1271—1242 cm.+,° at 1270—1230 and up to 1300 cm.+ for meta- 
substituted compounds,® and at 1270—1150 cm. had previously 7 been assigned to the 
aryl-oxygen stretching mode. 

* In this and the following paper, substituted pyridine, pyridine 1l-oxide, and pyridine—boron 
trichloride nuclei are represented by P, PO, and PBCl,, respectively, together with a numeral to indicate 


the position of the substituent. 
t The band is split in these compounds; average intensities and frequencies are taken. 
11 Katritzky, Quart. Rev., 1956, 10, 395. 
12 Katritzky, Randall, and Sutton, /., 1957, 1769; Bax, Katritzky, and Sutton, /., 1958, 1254. 
13 Katritzky and R. A. Jones, following paper. 
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The 1200—-1050 cm. Region (Table 2, cols. 6 and 7).—The ethoxy-compounds show 
bands at 1115—1108 cm.*! (30—70) [1113 + 2 cm. (55 + 10)] (except in No. 15 where 
the band is displaced to 1120 cm.? by overlap) and at 1092—1086 cm. (20—40) 
(1089 + 2 cm.*! (25 + 5)} which are probably due to a mode of the ethyl group since no 
corresponding absorption was found for the methoxy-compounds. Possible assignments 
are methyl in- and out-of-plane rocking modes.!*_ Ethyl esters show a band corresponding 
to the second but not to the first mode.! Briggs et al.® reported absorption bands at 
1122—1117 and 1156 cm.! for ethoxy-compounds and at 1192—1175 and 1148— 
1079 cm. for methoxy-compounds; in the last three cases this was probably due to 
aromatic CH in-plane vibrations which are sometimes greatly intensified by alkoxyl 
groups.”+15 

The 1050—1000 cm.! Region (Table 1, col. 6; Table 2, col. 8).—Bands shown for the 
ethoxy-compounds at 1050—1034 [1043 + 4] cm.? and by the methoxy-compounds at 
1048—1013 [1034 + 8] cm. are assigned to a mode involving mainly alkyl-oxygen bond 
stretching, in agreement with Briggs ef al.? who found these bands at 1048—1024 and 
1042—1000 cm. for ethoxy- and methoxy-compounds, respectively, and others ®* who 
quote ranges of 1070—1000 cm.+ and 1120—1030 cm.+. The band is split for m-di- 
methoxybenzene, and average values of position and intensity have been used in the 
following treatment; when splitting occurs for other compounds, the position and intensity 
of the strongest component have been taken. 

Absorption for corresponding pairs is 0—12 [7 + 4] cm.* higher and 0-8—1:3 
(1-0 + 0-15] times as intense for the ethoxy- as for the methoxy-compounds. Intensities 


3P < 4PBCl,<3PO ~ Ph < 4P < 4P0,4PO(3Me)....Series 4 
90 100 =: 115—135 130—135 190—205 230—285 


are (80—170) [(115 +. 20)} for all the benzenoid compounds except those with a /-nitro- 
substituent, for which they are (175—190). The relative intensities for the heterocyclic 
compounds, anisole, and phenetole (series 4) do not bear any obvious relation to the nature 
of the ring. 

The 1000—900 cm.+ Region (Table 2, col. 9).—A band occurs at 928—915 [920 + 4) 
cm. for all the ethoxy-compounds except m-amino-, m-ethoxy-, and m-nitro-phenetole, 
for which the position is 984—956 cm.!. The intensity is (20—70) [(40 + 15)] except for 
the 4PO and the 4PO(3Me) compound, where it is (105—150). This band is tentatively 
assigned to the CC stretching mode of the ethyl group." 

Nuclear Bands.—The compounds also show bands due to vibrations of the nuclei; 
these have been published ? for 2-, 3-, and 4-monosubstituted pyridines, for 2-, 3-, and 
4-monosubstituted pyridine l-oxides, and for monosubstituted benzenes. Very few 
bands (e, > 15) were found which could not be assigned to the alkoxyl group, nucleus, or 
other substituent; the exceptions are shown in footnotes to Tables 1 and 2. 


Experimental.—References to the methods for the preparation of the compounds are given 
elsewhere.** The spectra were measured on the Oxford Perkin-Elmer 21 spectrophotometer 
with a sodium chloride prism, slit programme 4, and the settings previously given. ¢, values 
were calculated as in ref. 2(b). 


We thank Dr. N. Sheppard for reading this and the following paper in manuscript; part of 
this work was carried out during the tenure (by A. R. K.) of an I.C.I. Fellowship. 


[HE Dyson PERRINS LABORATORY, OXFORD. 
THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, December 11th, 1958.] 


4 Cf. Sheppard and Simpson Quart. Rev., 1953, 7, 19. 
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416. Infrared Absorption of Substituents in Aromatic Systems. 
Part II Acylamino-compounds. 


By A. R. Katritzky and R. A. JONEs. 


The absorption caused by the groups ‘"NH-COMe, -NH:CO:, -NMe:COMe, 
and *NMe:CO: for a total of twenty-four acetamido-, N-methylacetamido-, 
benzamido-, and N-methylbenzamido-compounds is recorded. Tentative 
assignments are made for most of the characteristic bands, and the 
dependence of their positions and intensities on the structure of the com- 
pounds is discussed. More than 98% of the bands (e, > 15) for these 
compounds were correlated with the rings or substituent groups. 


THE infrared spectra of monosubstituted amides have been extensively investigated 
because of the importance of the amide linkage in polypeptides and proteins, but the 
interest has been mainly in the NH and C:O stretching bands (‘amide I” and the 
“amide II’ bands®*%). Of the amido-benzenoid or -heteroaromatic compounds, acet- 
anilide has been studied in detail,* and series of substituted > and fatty acid ® anilides and 
some acetamidopyrimidines * have been investigated. The most comprehensive work on 
the assignment of skeletal frequencies is by Miyazawa et al.8 


|) 8 
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While investigating the infrared absorption of heteroaromatic rings* and the 
tautomerism of acylaminopyridines and their oxides, !* we studied a series of acetamido- 
and benzamido-compounds and their N-methyl derivatives. Almost all the bands were 
characteristic of either the rings or the substituents; those characteristic of the groups 
*NH°CO:, -NMe:CO:, -NH-COMe, and -NMe:COMe are recorded in Table 1 with cross- 
references to the benzenoid and heteroaromatic bands (col. 19). When sufficiently soluble, 
the compounds were measured in 0-2m-chloroform solutions in a 0-117 mm. cell; 1? other- 
wise 0-02M-solutions (1 mm. cell) or, in one case, a Nujol mull were used. 

The NH Stretching Band.—The non-bonded NH stretching frequency (possibly the 
trans-peak 18) is shown by the compounds X-NH-*COMe and X:NH-COPh in solution at 
3440—3410 [3420 + 10]* cm. (except for the 2-substituted pyridine l-oxides); the 
intensities are (30—45) * in 0-2mM- and (45—65) in 0-02M-solutions and are affected more by 








* Parentheses signify apparent molecular extinction coefficients, and square brackets indicate 
arithmetical means and standard deviations; see preceding paper. 

1 Part I, Katritzky and Coats, preceding paper. 

* Bellamy, ‘‘ The Infrared Spectra of Complex Molecules,’ 2nd edn., Methuen, London, 1958, pp. 
203—223. 

3 R. N. Jones and Sandorfy in Weissburger, ‘‘ Technique of Organic Chemistry. Vol. IX. 
Chemical Applications of Spectroscopy,” Interscience Publ. Inc., London, 1956, pp. 509—531. 

* Abbott and Elliot, Proc. Roy. Soc., 1956, A, 284, 247. 

* Richards and Thompson, J., 1947, 1248. 

® Dijkstra and Jonge, Rec. Trav. chim., 1956, 75, 1173. 

* Brownlie, J., 1950, 3062. 

8 Miyazawa, J. Chem. Soc. Japan, 1956, 77, 171; Miyazawa, Shimanouchi, and Mizushima, J. Chem. 
Phys., 1956, 24, 408; Spectrochim. Acta, 1957, 10, 217. 

® Katritzky and Gardner, /J., 1958, 2198. 

10 Katritzky, R. A. Jones, and Hands, ibid., p. 3165. 

1! Katritzky and Hands, /., 1958, 2202. 

12 Katritzky and Gardner, ibid., p. 2192. 

13 Katritzky, Beard, and Coats, unpublished work. 

™ Katritzky and Hands, ibid., p. 2195. 

1° Katritzky and Lagowski, ibid., p. 4155. 

16 R. A. Jones and Katritzky, (a) J., 1959, 1317; (6) unpublished work. 

17 Katritzky, Monro, Beard, Dearnaley, and Earl, J., 1958, 2182. 
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the concentration than by the nature of the ring. Thompson and his co-workers * found 
that meta- and para-substituents have little effect on the position, half band-width, and 
integrated intensity (and therefore also e,) of this band for acetanilide; concentration does 
affect the intensity, and at infinite dilution acetanilide absorbs at 3436 cm. (125) 
(lithium fluoride prism). 

The compounds measured at 0-2mM-concentration usually show absorption at ca. 3300 
cm. due to the hydrogen-bonded NH groups.? In the 2-substituted pyridine l-oxides 
intramolecular bonding (cf. I) lowers the frequency to 3280 cm.. 

The C:O Stretching Band (Table 1, col. 3).—This, the amide I band, occurs at 1711— 
1641 cm.*; the influence of R, R’, and the ring (cf. II) can be distinguished. 

(i) Changing R’ from methyl to pheny] (cf. II) increases the conjugation of the carbonyl 
group (III) and lowers the frequency by 8—17 [12 + 3] cm.7. 

(ii) Changing R from hydrogen to methyl also increases considerably the conjugation 
of the carbonyl group, both because of the favourable inductive effect of the methyl group 
and, probably more importantly, by causing partial steric inhibition of mesomerism 
between the nitrogen atom and the ring for which there is independent evidence from 
basicities and ultraviolet spectra."6 The frequency is lowered by 25—46 [35 +- 6] cm.7. 


QR 
S S 
R | ZA R R’ | sa - 
*N-C Tete’ <. 83N7 »N-c7 
Ring Ring~ = SN Ci,cH” =H 
Ge i | , 
(V) 


IIl) ; (IV) 


(iii) Changing the ring from phenyl to pyridine or pyridine 1l-oxide always raises the 
frequency (Table 2), indicating that the heterocyclic rings are all more strongly electron- 
accepting than phenyl and conjugate more tightly with the amide-nitrogen atom, thus 
causing this atom to conjugate less with the carbonyl group (cf. [V). The increment is 
larger for the 4- than for the 3-substituted pyridines, as expected from the relative electron- 
withdrawing abilities of these rings.!® The large increments found for all the pyridine 
l-oxides agree with the known ability of this ring to withdraw electrons strongly at each 
nuclear position.|1%2® ‘The increments are smaller than expected in the 2-pyridyl series, 
possibly owing to steric inhibition of hydrogen bonding of the pyridine nitrogen atom to 
the solvent ! (cf. V). 


TABLE 2. Carbonyl stretching bands. Increments in wavenumbers over that for the 
corresponding benzenoid compound. 


4P 3P 2P 4PO 3PO 2PO 
ae 23 2 6 (12) ¢ 19 22 
(oS 17 0 3 — — 14 
BED vnkcatecernestsitewis 12 5 7 15 - 29 
PEED Srdnnnsnntscancninnin 11 7 9 19 — 24 


* Difference obtained by using paraffin-paste spectrum. See also footnotes to Table 1. 


The intensities are (170—330) [(270 + 55)] for -NH*COPh and -NH-COMe compounds 
and (280—420) [(345 + 40)] for -NMe*COPh and -NMe*COMe compounds. 

The frequency range of this band agrees with previous work. Similar raising of the 
frequency as the ring becomes increasingly electron-accepting has been noted for meta- and 
para-substituted acetanilides ® and acetyl-azoles.4 


18 Russell and Thompson, J., 1955, 483; Spectrochim. Acta, 1956, 8, 138; Moccia and Thompson, 
ibid., 1957, 10, 240. 

1% Katritzky, J., 1958, 4162. 

20 Katritzky, Quart. Rev., 1956, 10, 395. 

21 Otting, Chem. Ber., 1956, 89, 1940. 
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The Amide 11 Band (Table 1, col. 4).—For the X-NH-COMe and X*NH-COPh com- 
pounds the band is found at 1524—1505 cm. (200—460) [1513 + 7 cm. (310 + 100)], 
often with a shoulder or subsidiary band. The region is obscured by chloroform when 
measured in a 0-1 mm. cell. This band usually occurs at 1580—1475 cm." and is due to 
the NH in-plane deformation frequency coupled with the N-C stretching frequency of the 
*NH-CO: group.”38-2 

The 1450—1400 cm. Region.—The X*NMe*COMe and X:NMe*COPh compounds show 
a band at 1426—1416 cm. (60—130) [1422 + 4 cm. (90 +. 25)} (Table 1, col. 5). This 
is probably the asymmetric N-CH, CH-bending frequency which occurs at 1465— 
1442 cm. for compounds of type R-CO-NHMe.° 

Some of the X-NH-COMe and X:NH*COPh compounds show a shoulder or band of 
unknown origin at 1413—1400 cm. (40—155) (col. 6). 

The 1400—1340 cm. Region.—Absorption (col. 7) by the X*-NMe*COMe compounds at 
1384—1374 cm.? (170—220) [1378 + 4 cm.+ (195 + 20)] and by the X*NMe-COPh 
compounds at 1372—1353 cm.* (240—310) [1360 + 7 cm. (275 + 30)] is probably the 
CH symmetrical bending frequency previously found § at 1414—1401 cm.* for RCCO-NHMe 
compounds. 

The symmetrical CH bending of the acetyl-methyl group causes absorption (col. 8) at 
1373—1363 cm.! (80-—95) [1368 + 3 cm. (85 + 5)] for the X-NH*COMe compounds and 
at 1356—1343 cm.? (75—160) [1351 + 4 cm.* (105 + 30)) for the X-NMe-COMe com- 
pounds. The ring appears to play a constant role in determining the position of the band, 
for the band is 15—20 [17 - 2} cm. lower for the *NMe*COMe than for the corresponding 
‘NH-COMe compound. For comparison, compounds X-COMe ! absorb at [1359 + 1-5 
em. (135 + 20)}, compounds R-O-COMe ***4 at ca. 1375—1365 cm.", and compounds 
R-NH-COMe § at 1375—1366 cm."!. 

The 1340—1240 cm.+ Region.—Stretching frequencies of the two C-N partial double 
bonds (cf. IV) are expected in this region. Belonging to the same symmetry class, they 
will combine to give symmetric and asymmetric modes. With the NH-compounds, the 
NH in-plane deformation should also intereact with these modes. 

Two or three bands are shown (Table 1, cols. 9—11). As expected from the above 
discussion, the absorption depends little on whether R’ is Me or Ph (II), more on the nature 
of the ring, and most on whether R is Me or H. 

(i) The first band (col. 9) is at 1330—1300 [1319 + 10) cm.*; there is no simple relation 
between the precise position and the structure. The intensities vary for the X-NMe-COMe 
and X*NMe-COPh compounds (20—230), but the band for X-N Me*COPh is always 1-4—1-9 

1-60 +- 0-2] times as intense as that for the corresponding X*NMe*-COMe compounds; for 
these compounds the intensities increase as the rings become more electron-accepting: 


Ph < 3P < 2P ~4P ~ 4P0 < 2P0 


For the compounds X*-NH-COMe and X:NH-COPh the intensities vary (95—450); for 
corresponding compounds, replacing NH by NMe increases the intensity 0-9—1-3 
1-15 + 0-2] times; there is no simple relation between intensity and the ring type. 

(ii) For the X*-NMe-COMe and X-NMe:COPh compounds the second band (col. 10) is 
at 1304—1295 cm. (70—200) (1299 + 3 cm. (110 + 45)] except for No. 24. This band 
appears to occur at ca. 1280—1260 cm. for the X*-NH*COMe and X:NH-COPh com- 
pounds, but this region is often obscured by solvent (1 mm. cell). 

(iii) A third band sometimes appears (col. 11) on the edge of the region obscured by 
solvent absorption, 7.e., below 1240 cm. (0-1 mm. cell). 

The 1200—1100 cm. Region (Table 1, col. 12).—The X*-NMe*COMe compounds show a 
band at 1143—1138 cm. (50—110) [1140 4- 2 cm. (75 + 20)}], and the X-NMe-COPh 

#2 Frazer and Rice, Nature, 1952, 170, 490. 

*3 Francis, J]. Chem. Phys., 1951, 19, 942. 

*4 R. N. Jones and Cole, J. Amer. Chem. Soc., 1952, 74, 5648. 
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compounds one at 1117—1098 cm.? (75—100) [1108 + 6 cm.* (90 + 8)]; these are 
probably N-methyl rocking frequencies, occurring ® at 1179—1149 cm.* for R-CO-NHMe 
compounds. 

The 1100—800 cm. Region.—A band of unknown origin is found for the compounds 
X+*NMe-COMe and X:NH-COPh at 1096—1080 cm. (15—55) [1088 + 5 cm. (35 + 10)] 
(col. 13). 

The X-NMe:COPh compounds show a band at 1053—1030 cm. (10—20) (col. 14) and 
a doublet at 1025—1021 and 1012—1005 cm. (30—155) (col. 15); the analogous 
absorption for the X*-NMe-COMe compounds, which is weaker or absent, occurs at ca. 
1030 and 1000 cm.!. The compounds X*NMe*-COMe and X-NMe:COPh show a band at 
925—918 cm.! (5—20) [921 + 2 cm.* (10 + 5)] (col. 17). Two of these bands are 
probably due to C-N stretching and Me rocking modes of the N-CH, group; a possible 
assignment is indicated in Table 1. 

A band, probably an acetyl-methyl rocking mode (col. 16), occurs at 978—972 cm. 
(30—50) [975 + 2 cm. (40 + 8)] for the X-NMe-COMe compounds and at 998—958 cm.~ 
(15—35) [978 + 19 cm. (25 + 10)} for the X*-NH-*COMe series. A band or oublet at 
1041—987 cm. for CH,CO*-NHR compounds has been assigned § to a Me rocking mode, 
and methyl ketones show a band at [959 + 5 cm. (35 + 15)].!” 

Other Bands.—Nearly all the remaining bands (<4, > 15) for these compounds could be 
assigned to the heterocyclic and/or benzenoid rings; most have been published (see refs. in 
col. 19). Bands which could not be correlated in this way are given in col. 18; they form 
2° of the total. 


E-xperimental.—See Part I ! for details. 


DysON PERRINS LABORATORY, OXFORD. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, December 11th, 1958.) 


417. The Mechanisms of Inhibition and Retardation in Radical Poly- 
merizations. Part V.* The Effects of Picric Acid and m-Dinitro- 
benzene on the Sensitized Polymerization of Styrene. 





By J. C. Bevincton and N. A. GHANEM. 


The effects of picric acid and m-dinitrobenzene on the sensitized radical 
polymerization of styrene have been examined The former acts as a rather 
inefficient inhibitor and is converted into a substance which is a retarder for 
the subsequent polymerization; m-dinitrobenzene isa retarder. “C-labelled 
specimens of the nitro-compounds have been used to determine the amounts 
incorporated in the polymers. The effects of the nitro-compounds on the 
average number of initiator fragments in each polymer molecule have been 
studied by using labelled initiator. Treatment of polymers with trifluoro- 
acetic anhydride reduces the molecular weight and removes combined nitro- 
compound from the polymer. A reaction scheme is suggested which satisfies 
the observations. 


MANY aromatic nitro-compounds act as chain terminators for radical polymerizations but 
the mechanisms by which they exert their effects are uncertain. It has been suggested ! 
that the polymer radical becomes attached directly to the aromatic nucleus of the nitro- 
compound, but other authors ? suppose that the attack is on the nitro-group itself. The 
products of the interaction of 1-cyano-1-methylethyl radicals and various nitro-compounds 
have recently been identified; * this work is of significance in connection with the effects of 


* Part IV, Bevington and Ghanem, J., 1958, 2254. 

1 Price and Durham, J. Amer. Chem. Soc., 1943, 65, 757. 

2 Bartlett, Hammond, and Kwart, Discuss. Faraday Soc., 1947, 2, 342. 
3 Inamoto and Simamura, J. Org. Chem., 1958, 238, 408. 
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nitro-compounds on radical polymerizations. In this paper a study of the effects of picric 
acid and m-dinitrobenzene on the polymerization of styrene is reported; it involved the 
use of labelled nitro-compounds and labelled azoisobutyronitrile as initiator. 

Previous tracer studies of the effects of retarders of various types have given useful 
information on the natures of the reactions involved. The experimental work has been 
directed chiefly to determination of the numbers of molecules of retarder and fragments of 
initiator incorporated on the average in each polymer molecule for reactions carried out 
under various conditions. In some cases it has been possible to discover the way in which 
the retarder is linked in the polymer by examining the effects of chemical treatment upon 
the specific activities of polymers prepared by using labelled reagents. 


EXPERIMENTAL 


Descriptions have already been published for the various experimental procedures.‘ 
Standard methods were used for the preparation of [!C]m-dinitrobenzene from ['*C]benzene. 
The product was recrystallized from ethanol; its specific activity was about 11 ucuries/g. of 
carbon. The labelled picric acid was an intermediate in the preparation of [*C]diphenyl- 
picrylhydrazine and the corresponding hydrazyl.5 It was purified by recrystallization from 
aqueous ethanol; its specific activity was about 25 ucuries/g. of carbon. 

Results.—Separation tests. Blank experiments with labelled contaminants showed that all 
traces of uncombined picric acid and m-dinitrobenzene could be removed from polystyrene by 
two precipitations of the polymer from benzene, methanol being used as precipitant. 

Experiments with picric acid. Polymerizations of styrene in bulk at 60° were initiated by 
azoisobutyronitrile at a concentration close to 0-300 g./l. The concentration of picric acid 
ranged from 0 to about 0-1 g./l. Results are summarized in Table 1, and typical conversion— 
time curves are shown in Fig. 1. Reactions were carried to 5% conversion. 

Experiments with [C]picric acid showed that appreciable quantities were incorporated in 
the polymer. On use of [‘C]picric acid giving a counting rate of 177,000 counts/min., polymers 
3 and 4 gave counting rates of 44 and 56 counts/min., respectively. From the counting rates of 


TABLE l. 

Concn. of Concn. of Time to reach Molecular 
Expt. initiator picric acid steady rate Steady rate weight of 
no (g./L.) (g./1.) (hr.) (%/hr.) polymer 
l 0-300 0 0 1-37 264,000 

2 0-297 0-049 7 0-99 169,000 

3 0-292 0-050 7 1-06 169,000 

4 0-294 0-073 9 0-84 126,000 

5 0-303 0-099 1l 0-70 114,000 


the polymers and the original picric acid and the molecular weights of the polymers, it is cal- 
culated that for both polymers just over 0-5 molecule of picric acid was combined on the 
average in each polymer molecule. Polymer 4 was treated with diethyl ether and its counting 
rate was reduced to 7 counts/min., showing that a large proportion of the combined picric 
acid was contained in polymer of comparatively low molecular weight. 

Polymers 2 and 5 were prepared by using “C-initiator and unlabelled picric acid; the 
average number of initiator fragments per polymer molecule for these polymers was close to 
1-5. In polymer 1, prepared in the absence of picric acid, there were 2-0 initiator fragments 
per polymer molecule. A specimen of polymer 2 was treated with diethyl ether; about 20% 
of the polymer was soluble in the ether and the counting rate of the insoluble portion was 
123 counts/min. compared with 228 counts/min. for the whole polymer. 

Polymer 2 was treated with trifluoroacetic anhydride reagent; its average molecular weight 
fell to 140,000 but there were no significant changes in the total weight of the specimen or its 
counting rate. Similar treatment of polymer 3, containing labelled picric acid, reduced its 
counting rate to 12 counts/min., and isotope dilution analysis showed that about 70% of the 
labelled groups lost from the polymer appeared as picric acid. 

* Bevington, Ghanem, and Melville, ]., 1955, 2822. 

’ Bevington, J., 1956, 1127. 
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A solution of [C]jazoisobutyronitrile (17-0 mg.) and picric acid (20-6 mg.) in benzene 
(3-5 c.c.) was degassed and kept at 60° for 174 hr. By isotope dilution analysis, it was found 
that 1-6 mg. of tetramethylsuccinodinitrile and 0-3 mg. of isobutyronitrile were produced; ina 
similar experiment in the absence of picric acid, the weights of these products were 3-2 mg. and 
1-4 mg., respectively. 

Experiments with m-dinitrobenzene. Polymerizations of styrene at 60° with a fixed con- 
centration of azoisobutyronitrile (close to 0-300 g./l.) and various concentrations of m-dinitro- 
benzene are referred to in Fig. 2 and Table 2; reactions were allowed to proceed to 6% con- 
version. As indicated in Table 2, some experiments involved C-retarder and others “C- 
initiator; the results of experiment 1 are included for comparison. The average numbers of 
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retarder molecules or initiator fragments incorporated in the polymer molecules are shown in 
Table 2. 





TABLE 2. 
Concn. of Molecular Counting rate No. of initiator No. of retarder 
Expt. retarder weight of for polymer fragments molecules per 
no. (g./1.) polymer (counts/min.) per molecule molecule 
l 0 264,000 197¢ 2-00 — 
6 0-203 187,000 220¢ 1-58 — 
7 0-251 177,000 16 “5 
8 0-319 151,000 288 ¢ 1-67 —_ 
9 0-404 126,000 20 — 0-4 
10 0-500 111,000 24 — 0-4 
11 0-504 114,000 330¢ 1-44 = 
12 0-698 99,000 41 = 0-6 
13 0-690 97,000 110° 1-25 — 
14° 0-704 94,000 105° 1-15 — 
15 0-989 75,000 54 — “7 


* Counts/min. for initiator = 500,000. ° Counts/min. for initiator = 165,000; counts/min. for 
retarder = 76,000. ¢ Polymerization carried to 3% conversion only. 


From the polymerizations involving “C-initiator, average kinetic chain lengths were 
calculated, and thence average rates and efficiencies of initiation. In these calculations, the 
average rates of polymerization over the whole reactions were used. In some cases, appreciable 
decomposition of the initiator occurred during the reaction and the mean of the initial and 
final concentrations was used in calculating the efficiencies; for calculation of the final con- 
centration, kg was taken as 1-30 x 10° sec.4. The results of these calculations are summar- 
ized in Table 3. 

A solution of azoisobutyronitrile (10-9 mg.) and [**C]m-dinitrobenzene (10-2 mg.) in benzene 
(2-5 c.c.) was degassed and sealed in vacuum. After 16 hr. at 60°, no m-nitronitrosobenzene 
could be detected in the reaction mixture by isotope dilution analysis. 

Refluxing polymers 7 and 9 with trifluoroacetic anhydride reagent for 10 and 15 hr. respec- 
tively caused the counting rates of the polymers to fall to about 8 counts/min. Isotope dilution 
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TABLE 3. 

Rate of polym. Average concn. Kinetic Rate of initn. Efficiency 

Expt. x 105 of initiator chain x 108 of initiation 
no. (mole 1.-* sec.-) (g./1.) length (mole 1.-* sec.-") (%) 
1 3-18 0-29 1270 2-51 54-6 
6 2-13 0-26 1136 1-88 45-6 
8 1-76 0-26 868 2-03 49-2 
ll 1-37 0-24 833 1-64 43-1 
13 1-11 0-23 750 1-48 40-6 
14 1-28 0-27 786 1-63 38:1 


analysis for m-dinitrobenzene produced during treatment of polymer 9 showed that a small 
amount was liberated. The counting rates of the materials in the experiments were so low 
that the analysis was qualitative only. 


DISCUSSION 

Picric acid is not an ideal inhibitor for the radical polymerization of styrene since 
polymerization is not suppressed completely; the rate gradually rises to a steady value and 
the induction period does not end abruptly. The steady rate falls as the initial con- 
centration of picric acid is raised; the effect is too large to be accounted for by the con- 
sumption of initiator during the early stages of the reaction. The concentrations of initiator 
remaining when the steady rates were first attained in experiments 2—5 have been 
calculated; rates of polymerization corresponding to these concentrations have been 
calculated by taking experiment | as standard and assuming an order of 0-5 with respect to 
initiator. The rates thus calculated for experiments 2, 3, 4, and 5 are respectively 1-16, 
1-15, 1-13, and 1-05°%/hr.; these rates are respectively 1-17, 1-08, 1-35, and 1-50 times the 
observed rates. The discrepancy between observed and calculated rates increases with 
rising concentration of picric acid, suggesting that during the early stages the picric acid 
is converted into a retarder, the amount of which increases as the initial concentration of 
the acid is raised. This conclusion is confirmed by the differences between the molecular 
weights of the polymers in this series. 

The incorporation of picric acid in the polymer disproves certain of the mechanisms 
suggested for the interaction of polymer radicals and nitro-compounds. The effect of 
trifluoroacetic anhydride upon the molecular weight of a polymer prepared in the presence 
of picric acid shows that the polymers contain linkages sensitive to the reagent; it is likely 
that the picric acid combined in the polymer is not held by carbon-carbon bonds since 
most of the combined acid can be eliminated from the polymer by treatment with the 
reagent. Most of the picric acid eliminated from the polymer appears as such, suggesting 
that the picric acid unit is intact in the polymer. 

It is likely that one of the nitro-groups in the molecule of picric acid is involved in the 
first stages of the reaction, and that the unused nitro-groups are concerned in the 
subsequent retardation process. No significance can be attached to the relative numbers 
of initiator fragments and picric acid molecules combined in the polymers, since the picric 
acid acts in two distinct ways during the course of the polymerization. The results of the 
experiments involving diethyl ether show that the polymers contain much material of 
fairly low molecular weight, so that some fractionation may well occur during recovery of 
the polymers. 

m-Dinitrobenzene retards the polymerization of styrene but it also interferes in the 
initiation step since its presence reduces the efficiency of initiation. The continuous 
decrease in rate during the course of a retarded polymerization (see Fig. 2) can be accounted 
for by the consumption of initiator; at the end of experiment 13, for example, the con- 
centration of initiator had fallen to about 55° of its original value. Part, at least, of the 
m-dinitrobenzene included in the polymer is not held by carbon-carbon bonds since much 
of it can be removed by treatment with trifluoroacetic anhydride. 
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The results of Inamoto and Simamura ® indicate that the first stage in the interaction of 
a polymer radical with m-dinitrobenzene is likely to be 


CoHa(NOg)e + PeCHy*CHPh* ——B> NOg'CgHyN-O-CHPh’CHyP «2. - (i) 
Oo 


where P represents a polystyrene chain with a terminal initiator fragment. According to 
the suggestion of these authors, the next stage is the formation of the nitroso-compound 


NOg*CgHyN-O-CHPh*CHy*P ——B> NOg’CgHyNO + “OCHPh'CHyP . . - - + (2) 
e) 


The products of this reaction might react as follows: 


NOg*CgHy*NO + 2P*CHy*CHPh* ——3> NO,*C,Hy*N*O*CHPh’CH,'P See ee 
CHPh*CH,'P 
P*CHg*CHPh:Os + P*CH.*CHPh* ——B> P*CH,°CHPh°OH + P*CH:CHPh cc0. & @& 


If these processes were the sole terminating reactions, the average numbers of initiator 
fragments and retarder molecules per polymer molecule would be 1-33 and 0-33, respec- 
tively. If reaction (3) did not occur, the number of initiator fragments would be 1-00, but 
no retarder would be incorporated in the polymer, contrary to the observations made in 
this work; further, no m-nitronitrosobenzene could be detected in the products of the 
interaction of 1-cyano-l-methylethyl radicals with m-dinitrobenzene. If mutual termin- 
ation occurred at the same time as the termination involving the nitro-compound, the 
average number of combined initiator fragments would be greater than 1-33 and that of 
combined retarder molecules less than 0-33. 
An alternative to reactions (2), (3), and (4) is reaction (5): 


NOs*CgHy*N*O-CHPh:CH,P + P*CHy*CHPh* ——B> NO,*C,HytN-O*CHPhCH,"P + P*CHICHPh . (5) 
O OH 


At high concentrations of retarder, when mutual termination is suppressed, this would 
lead on the average to 1 initiator fragment and 0-5 retarder molecule combined in each 
polymer molecule. The amount of combined retarder was a little greater than this in 
experiments 12 and 15; this may indicate that the radical formed in (1) occasionally 
reacts with monomer to give a type of copolymerization as shown: 


NO_*CgHy*N-O-CHPhCH,°P + CH,:CHPh ——B> NOgCgHyN-O-CHPh’CHyP . . (6) 
O 
: O*CH,°CHPh* 
which could lead to more than 0-5 molecule of retarder on the average in each polymer 
molecule. This type of behaviour was observered when #-benzoquinone was used as a 
retarder.* If the nitro-compound enters the polymer in the way suggested here, it could 
be removed subsequently by treatment with trifluoroacetic anhydride. Similar consider- 
ations can be applied to the mechanisms by which picric acid interferes in radical 
polymerizations. 


The authors thank Sir Harry Melville, F.R.S., for his interest, and the University of 
Birmingham for a University Research Fellowship (to N. A. G.). 


CHEMISTRY DEPARTMENT, BIRMINGHAM UNIVERSITY. [Received, January 12th, 1959.) 
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418. Polycondensations and Certain Other Reactions of Arylboron 
Chlorides. 


By S. H. DANDEGAONKER, W. GERRARD, and M. F. LApPeErt. 


Experiments with derivatives of p-methoxyphenylboronic acid, pheny]l- 
boron dichloride, and diphenylboron chloride are described. Two poly- 
condensates have been isolated, which are thermally but not hydrolytically 
stable. -Hydroxyphenylboronic acid was synthesised from p-methoxy- 
phenylboron dichloride. 


In the search for thermally and hydrolytically stable semi-inorganic polymers, we have 
investigated the potentialities of the new compounds /-methoxyphenylboron dichloride 
(I; Ar = p-MeO-C,H,), 2-butyl p-methoxyphenylchloroboronite (II; Ar = p-MeO-C,H,), 
phenylboron dichloride, and diphenylboron chloride. 

The experiments in the #-methoxyphenylboron series are illustrated by the annexed 
diagram (Ar = f~-MeO-C,H,); #-methoxyphenylboronic anhydride had previously ? been 
prepared. 


| 2 
4(Ar*BO), ————> _ ArBCI, ———_CH,Cl 4+ Polymeric material containing (I11) 


Ar-B(OBu"), ——3 Ar-BCI-OBu" (IT) p-HO*C,H,"B(OH), 
2 2 


Bu"Cl + 4(ArBO); Ph°OH -++- B(OH), 
Reagents: |, BCl;. 2, Heat. 3, 2Bu2OH. 4, Bu®OH. 5, (a) BCls, heat; (6) HZO. 6, H,O (dearylation also 
occurred giving pheno! and boric acid). 7, ArBCl,. 

The pyrolysis of p-methoxyphenylboron dichloride (I) was expected to produce the 
polymeric product (III) with elimination of methyl chloride because it has been shown * 
that phenylboron dichloride cleaves ethers, including aralkyl ethers according to: 
Ar’OR + PhBCl, —» Ph-BCI-OAr’ + RCI. Prolonged heating of -methoxyphenyl- 
boron dichloride at 290—300° in fact afforded methyl chloride (100%), a solid, chlorine- 
containing polymeric material, and hydrogen chloride. The formation of hydrogen 
chloride can be accounted for by assuming that it arose from a Friedel-Crafts reaction 
resulting in cross-linking between polymer chains involving attachment of boron atoms 
from one chain to benzene nuclei of a neighbouring chain. Such a reaction would not be 
remarkable in view of the high temperature used and because the ~-methoxyphenylboron 
dichloride or its polycondensate could act as the electron-deficient catalyst required for a 
Friedel-Crafts reaction. 

MeO-[CgHyBCI-O},*CyHy'BCl, Ph-[BCI*CgH,*],.°BCIPh 
(III) (IV) 

The polymeric material was readily hydrolysed and the identity of the principal product 
as p-hydroxyphenylboronic acid was established by comparing its characteristics, 
particularly infrared spectrum, with those of a sample synthesised independently. The 
presence of boric acid and phenol in the hydrolysis product is accounted for by assuming 
dearylation during polymerisation; it was also shown that heating #-hydroxyphenyl- 
boronic acid gave the same products (for similar dearylations see ref. 3). 

p-Hydroxyphenylboronic acid, which was unknown at this time, was prepared from 

1 Kuivila and Williams, ]. Amer. Chem. Soc., 1954, 76, 2679; see also Kénig and Scharrnbeck, /. 
prakt. Chem., 1930, 128, 157; Bean and Johnson, J. Amer. Chem. Soc., 1932, 54, 4415. 


* Dandegaonker, Gerrard, and Lappert, J., 1957, 2893. 
% Abel, Gerrard, and Lappert, J., 1957, 5051; 1958, 1451. 
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p-methoxyphenylboron dichloride, as shown in the reaction diagram, and this provides an 
interesting new use of boron trichloride. The acid has since been obtained by another 
route.4 

Pyrolysis of n-butyl p-methoxyphenylchloroboronite (II) did not result in fission of the 
methoxy-group, but in slow formation of /-methoxyphenylboronic anhydride (see ref. 5 
for similar reactions of alkyl phenylchloroboronites). 

Diphenylboron chloride was stable at 200—210° (and even at 320°), but in the presence 
of aluminium chloride benzene equivalent to one group per mol was eliminated. No 
hydrogen chloride was liberated, as expected from a Friedel-Crafts condensation, and an 
infusible residue, which may have contained the polymeric material (IV), was obtained. 


Phenylboron dichloride, when similarly heated in presence of aluminium chloride was 
much more stable. 


EXPERIMENTAL 


Analytical methods have been described previously.’ Infrared spectral measurements were 
determined in a Grubb-Parsons S.3A double-beam model with a sodium chloride prism; samples 
were studied as capillary films or as solid mulls in paraffin oil. 

Derivatives of p-Methoxyphenylboronic Acid.—p-Methoxyphenylboronic acid (26-5 g., 28%) 
was obtained by a standard procedure from p-methoxyphenylmagnesium bromide and tri-n- 
butyl borate (144 g.), and at 110—115° (10 hr.) afforded the anhydride (100%), m. p. 206—207° 
(Found: B, 8-0. Calc. for C,H,0,B: B, 8-0%). 

Boron trichloride (15-3 g.) at —39° was added to p-methoxyphenylboronic anhydride 
(17-1 g.) in methylene dichloride-chloroform (1 : 1) (200 c.c) at — 80°, and the mixture was stored 
at —80° for 18hr. Volatile matter was removed under reduced pressure, and from the residue, 
p-methoxyphenylboron dichloride (68°), m. p. 34—37°, b. p. 85°/0-05 mm. (Found: Cl, 36-8; B, 
5-6. C,H,OCI,B requires Cl, 37-5; B, 5-7%), was extracted by 4:1 m-pentane—methylene 
dichloride. 

By interaction with butan-1-ol (0-90 g.) in methylene dichloride (15 c.c.) at — 10°, p-methoxy - 
phenylboron dichloride (1-15 g.) afforded di-n-butyl p-methoxyphenylboronate (0-72 g.), b. p. 
110—113°/0-3 mm., »,”* 14825 (Found: B, 4-0. C,;H,,;0,B requires B, 4-0%), identical 
(including infrared spectrum) with the compound obtained (81%), b. p. 105—106°/0-02 mm.., 
n,** 1-4835 (Found: B, 41%), by azeotropic separation of water from a mixture of the 
anhydride, butan-1l-ol, and benzene. 

p-Methoxyphenylboron dichloride (9-7 g.) was heated at 225—250° for 50 hr. Methyl 
chloride (2-1 g., 81%) (Found: Cl, 69-7. Calc. for CH,Cl: Cl, 70-3%) was condensed at — 80°, 
and hydrogen chloride (1-0 g.) was received in a tube containing pellets of potassium hydroxide. 
The residue was a glass (5-82 g.) {Found: Cl, 5-8; B, 7-9. Calc. for [C,H,B(CI)O},: Cl, 25-6; 
B, 7-8; and for [C,H,B(O)],: B, 10-5%}, which was insoluble in a wide range of organic 
solvents. The chlorine content of residues obtained in different experiments varied somewhat: 
e.g., the dichloride (19-33 g.) heated at 290—300° for 70 hr. afforded methyl chloride (5-2 g., 
100%), hydrogen chloride (0-64 g.), and a residue (Found: Cl, 14-5; B, 88%). In every 
experiment the Pyrex vessel suffered network fracture beneath the glassy solid, and this was not 
due to mere thermal treatment of the vessel. 

The residues were easily hydrolysed. One residue (4-2 g.) (Found: Cl, 9-3; B, 6-9%) was 
shaken with water, and the ether-soluble matter, when freed from ether, comprised phenol 
(0-6 g.) [extracted by m-pentane and methylene dichloride (4: 1)], m. p. 39—40°, b. p. 46— 
47°/0-1 mm. (trinitro-derivative, m. p. 118—119°) (identified also by its infrared spectrum), and 
p-hydroxyphenylboronic acid (2-45 g.) (Found: B, 7-5. Calc. for C,H,O,B: B, 7-8%), m. p. 
225—228° unchanged on addition of the specimen obtained as shown below, and having identical 
infrared spectra. Evaporation of the primary aqueous solution gave boric acid (0-28 g.). 

n-Butyl p-methoxyphenylchloroboronite (1-70 g., 75%), b. p. 83—84°/0-02 mm., m,'* 1-5020 
(Found: Cl, 15-8; B, 4:8. C,,H,,O,CIB requires Cl, 15-7; B, 48%), and hydrogen chloride 
(0-38 g., 100%) were obtained from p-methoxyphenylboron dichloride (1-90 g., 1 mol.) and 
butan-1-ol (0-76 g., 1 mol.) in methylene dichloride (20 c.c.), which had been mixed at — 80°. 


* Gilman, Santucci, Swayampati, and Ranck, J. Amer. Chem. Soc., 1957, 79, 3077. 
5 Dandegaonker, Gerrard, and Lappert, J., 1957, 2872. 
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The same chloro-ester (1-70 g., 77%), b. p. 85—86°/0-02 mm., m,," 1-5018, dj? 1-036 (Found: 
Cl, 15-5; B, 4:7%), was obtained by mixing the dichloride (0-95 g.) and the dibutyl ester 
(1:27 g.) at 20°, followed by distillation. 

After n-butyl p-methoxyphenylchloroboronite (2-36 g.) had been heated at 200—220° for 
40 hr., part of it (0-80 g., 34°94) was recovered (b. p. 84—86°/0-02 mm.) (Found: C., 15-5; B, 
4:8%,). p-Methoxyphenylboronic anhydride (0-90 g.) remained as an involatile residue, and 
n-butyl chloride (0-32 g.) was condensed at —80°. Neither methyl chloride nor hydrogen 
chloride was detected. 

p-Hydroxyphenylboronic Acid.—p-Methoxyphenylboron dichloride (5-92 g., 1 mol.) and 
boron trichloride (3-70 g., 1 mol.) were heated at 110—115° for 120 hr. in a sealed tube. After 
removal of volatile matter at 20°/10 mm., the minimum quantity of water required to dissolve 
the solid residue was added and the solution was extracted with ether. The ether extract was 
dried (Na,SO,) and freed from solvent at 20°/10 mm. to give p-hydroxyphenylboronic acid 
(4-00 g., 94°,), m. p. 210—215° (m. p. 229—232°, after three recrystallisations from methylene 
dichloride) (Found: C, 51-3; H, 5-38; B, 7-7. Calc. for C,H,O,B: C, 52-2; H, 5-10; B, 7-8%). 
The aqueous portion afforded boric acid (1-99 g., 99%) (Found: B, 17-3. Calc. for H,O,B: 
B, 17-4%) on concentration in vacuo. The yields are based on: MeO-C,H,°BCl, -+ BCl, —> 


5H,O 
Cl,B-O-C,H,BCl, + CH,Cl —» (HO),B + HO-’C,H,°B(OH),. There was no reaction between 
the trichloride and ~-methoxyphenylboron dichloride at 20°. 

p-Hydroxyphenylboronic acid (1-73 g.) was heated (80 hr.) with water (0-23 g.) in a sealed 
tube at 230—240°. The product was shaken with water and 4: 1 »-pentane-ether. Boric acid 
(0-76 g., 98°) was isolated from the aqueous fraction, and phenol (0-98 g., 91%), b. p. 50— 
§2°/0-2 mm., m. p. 39—40° (trinitro-derivative, m. p. 119°) (identified also by its infrared 
spectrum), from the organic layer. 

Pyrolysis of the Phenylboron Chlorides.—Diphenylboron chloride * (5-68 g.) was heated with 
aluminium chloride (0-20 g.) in a sealed tube at 170—180° for 40 hr. Benzene (1-65 g.), b. p. 
80°, n,,** 1-500 (dinitro-derivative, m. p. 89°), was then withdrawn at 60°/11 mm. and condensed 
at —80°; the residue, except the catalyst, was dissolved in methylene dichloride, and on 
evaporation of the solvent the solid residue (3-40 g.) [Found: B, 8-7. Calc. for (IV); B, 8-8% 
comprised a substance, insoluble in m-pentane (0-6 g.) (Found: B, 5-3%), not melting up to 
300°, and a sticky gum, soluble in m-pentane. When the reaction temperature was 200—210° 
(80 hr.), benzene (equivalent to removal of one phenyl group) was obtained, and after separation 
from the catalyst, the final residue contained a substance soluble in water, and another soluble 
in chloroform; but neither melted up to 300°. When pure diphenylboron chloride was heated 
at 320° in a sealed tube for 44 hr. subsequent distillation led to 85% recovery of the starting 
material. 

Phenylboron dichloride * and aluminium chloride (0-2 g.) were heated at 170—180° (40 hr.) 
in a sealed tube. The dichloride (4-52 g., 76%), b. p. 58°/11 mm., n,*° 1-5440 (Found: ed, 
43-4; B, 6-7. Calc. for C,H;Cl,B: Cl, 44-6; B, 6-9%), was recovered. The residue afforded a 
gum (extracted with m-pentane) and an infusible residue. Hydrogen chloride was not evolved. 
Similarly half the dichloride was recovered when the temperature was 200—220° and the heat- 
ing time was 80 hr. 


We thank Mr. H. Pyszora for the infrared spectral measurements and the National College 
of Rubber Technology (Northern Polytechnic) for providing facilities for these. 
NORTHERN POLYTECHNIC, HOLLOoway Koap, 


Lonpon, N.7. |Lteceived, December 11th, 1958.} 


® Abel, Dandegaonker, Gerrard, and Lappert, /., 1956, 4697. 
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419. The Kinetics of the Oxidation of Ethane by Nitrous Oxide. 
Part II 


By R. Kenwricut and A. B. TRENWITH. 


A closer examination of the early stages of the reaction between nitrous 
oxide and ethane within the range 553—588° has enabled the rate constant 
of the reaction C,H, -+- N,O — C,H,°O: + N, to be calculated. 

Initially hydrogen and ethylene are the major products of the reaction 
and both are produced at the same rate which, with equal amounts of nitrous 
oxide and ethane, is about twenty times faster than in the absence of nitrous 
oxide. The increase may be due to an additional chain-initiating step al- 
though “ inert ’’ gas effects can also contribute. 

The preliminary results of another investigation show that ethylene 
reacts readily with nitrous oxide at 580°, whereat the separate gases are com- 
paratively stable, the principal non-condensable products being nitrogen, 
carbon monoxide, and methane. 


On the basis of kinetic measurements the following mechanism has been proposed?! for 
the reaction between nitrous oxide and ethane, 


C,H, ——> 2CH;: —<- « He + C,H, ——B C,H, or C,H, +H, . -. (5) 
CH; + CsHg ——® C,H;° + CH, - @ C.H;* + N,O ——® C,H;7O°+N, . - . (6) 
CyH;* —— C,H, + H- (3) C,H,;O* —— CH, +CH,O ... (7%) 

He + C,H, ——% C,H;° + He - (4) 


From the above it follows that dfN,}/d(C,H,} = (,/k,)[N,O], so that by comparing the 
rates of formation of nitrogen and ethylene at various nitrous oxide concentrations it 
should be possible to derive kg/k,;. This has been done and in the process further observ- 
ations have been made on the ethane-nitrous oxide reaction. 


EXPERIMENTAL 

The materials, apparatus, and procedure were as described before. At first ethylene was 
determined by absorption in mercuric sulphate-sulphuric acid solution, but early results 
indicated that the initial rates of formation of hydrogen and ethylene were equal (see Fig. 1), 
so in subsequent experiments the procedure was simplified, and the non-condensable products 
only were measured and analysed mass-spectrometrically for hydrogen, carbon monoxide, 
methane, and nitrogen. The instrument used was a Metropolitan-Vickers, type M.S.2. The 
electron-accelerating voltage was maintained at 70 ev with a filament current of 100 ua; the 
ion-accelerating voltage was held constant at 2000 v and automatic magnetic scanning was 
employed with the recorder unit. An ion-repeller voltage (+12v) was used in the com- 
paratively stable ‘‘ plateau ”’ region of the ion-repeller curve; sample volumes were of the order 
of 0-5 to 1-5 ml. at N.T.P. Cracking patterns and sensitivities of pure components were 
measured in the usual way and checked at frequent intervals. 

The contribution of methane to each spectrum was determined by use of m/e = 15 and those 
of carbon monoxide and nitrogen were estimated by solving two linear simultaneous equations 
involving m/e = 28 and m/e = 14. The alternative method for estimating carbon monoxide 
and nitrogen by using m/e = 28 and 29 was tried but proved unreliable. 

The actual molar percentage compositions of the mixtures obtained from the pyrolysis of 
ethane + nitrous oxide varied very little and were of the order: H,, 60%; N,, 20%; CH,, 
10%; CO, 10%. Maximum possible errors estimated by analysis of mixtures similar to the 
above, of known composition, were + 3% of the molar percentage obtained. 


RESULTS 
Fig. 1 is a typical composition-time graph and represents the products formed from 100 mm. 
of ethane + 100 mm. of nitrous oxide at 580°. For comparison the hydrogen formed from 
100 mm. of ethane alone at the same temperature is also shown. 


! Part I, Kenwright, Robinson, and Trenwith, J., 1958, 660. 
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From the curves the following observations may be made: (a) There is a short induction 
period, not hitherto detected, varying from 16 sec. at 553° to 9 sec. at 588°, and 
independent of the nitrous oxide concentration; an induction period of the same order 
of time was observed in the methane-nitrous oxide reaction.2, It seems likely that 
these represent the time necessary for chain-carrying radicals to attain steady-state con- 
centrations. Howlett? has predicted the existence of induction periods of the same order 
of magnitude as the above in the pyrolysis of ethane alone. These have not been observed 
experimentally, probably because below 600° the rate of decomposition of ethane is extremely 
slow whilst above 600° the induction periods will be too short to be detected. That induction 
periods have been observed here seems good support of the view that they occur in the decom- 
position of ethane alone. 


20F 
H, al 
el 
L F 
. 1s Wi 
Q SZ 
w ra CH Fic. 1. Products of pyrolysis of 100 
> ie mm. of CyH, 100 mm. of N,O 
8 Sie at 580°. 
= OF ° The broken curve represents H, from 


100 mm. of C,H, alone. 
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(6) The rates of formation of carbon monoxide and methane are initially very low and 
increase steadily over the first 2} min. This indicates that (7) is not a fast reaction since both 
methane and carbon monoxide result from subsequent reactions of the products of (7). The 
rate of formation of methane slightly exceeds that of carbon monoxide which is to be expected 
since the latter reacts slowly with nitrous oxide to form nitrogen and carbon dioxide * and 
methane is formed from the methyl radicals produced in both reactions (1) and (7). 

(c) The initial rates of formation of hydrogen and ethylene are equal. The equality supports 
the mechanism already advanced since reaction (4) will be rapid and the hydrogen produced 
by (5) small compared with that formed by (4). The hydrogen formed from the formaldehyde 
of reaction (7) will be negligible in the early stages of the reaction. 

A comparison of the two hydrogen curves, with and without nitrous oxide, shows that an 
equal volume of the latter increases the initial rate of hydrogen production about twenty-fold. 

(ad) The rate of formation of nitrogen increases with reaction time and this is held to be due 
to oxidation of primary products by nitrous oxide. Nitrogen is known to be produced by the 
reaction CO + N,O—® CO, + N,, but the shapes of the methane and carbon monoxide 
curves indicate that only a small fraction of the nitrogen can come from the oxidation of the 


* Robinson and Smith, J., 1952, 3895. 


> Howlett, Trans. Faraday Soc., 1952, 48, 35 
* Bawn, tbid., 1935, 31, 461. 
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latter. The other possibility is the ethylene and it is apparent that ethylene decomposes under 
the experimental conditions but in order to account for the increase in the rate of nitrogen 
formation with time it is necessary that the rate of formation of nitrogen from ethylene shall 
be greater than from ethane. From Fig. 2 which shows the reaction products from 100 mm. of 
ethylene -+ 100 mm. of nitrous oxide at 580° and, for comparison, the nitrogen from the ethane- 
nitrous oxide mixture, it may be seen that nitrogen is formed roughly 18 times faster in the 
ethylene-nitrous oxide system. Comparison of the pressure increase in the reaction vessel 
with the volumes of non-condensable products produced indicates that the reaction 
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approximates to N,O + C,H, —»N, + CO + CH, with little, if any, polymerization of the 
ethylene. 

From curves similar to those in Fig. 1 for different initial concentrations of nitrous oxide, 
values for d[N,]/d[C,H,] were deduced. A plot of these against nitrous oxide concentration 
was a straight line passing through the origin with a slope corresponding to k,/k,;. Experiments 
at 553°, 568-5°, 575°, and 588° provided data for an Arrhenius plot of log &,/ks 
which was a good straight line: E, — E, = 8-5 kcal. mole? and A,/A, = 2-0 1. mole?. 
Taking E, and A, as 39-5 kcal. mole? and 3 x 10™ sec. respectively,> we have k, = 
6 x 10" exp (—31,000/RT) 1. mole“ sec.1. 


DISCUSSION 

The energy of activation of reaction (3) is comparatively high for a radical—-molecule 
reaction but this might be expected as neither methyl radicals nor hydrogen atoms react 
with nitrous oxide at the experimental temperature.! 

The most striking observation made during the investigation is the marked increase in 
the rate of formation of hydrogen when nitrous oxide is present. According to the mechan- 
ism suggested [H:] = h,k,k,/k, so that the rate of formation of hydrogen from (4) should 
be independent of the nitrous oxide concentration. 

One possible explanation of the increase is the occurrence of the additional chain- 
initiating step C,H, + N,O —»C,H,: + OH:+ N,. The contribution of this reaction 
can only be significant, however, if the chains are long, since the formation of hydroxyl 
radicals must lead to the production of water and none could be detected among the 
products after prolonged heating of ethane-nitrous oxide mixtures. 

A number of “ inert ” gases increase the rate of decomposition of ethane,*? but with 
nitrous oxide the magnitude of the increase is such as to rule out the possibility that the 

> Bywater and Steacie, J. Chem. Phys., 1951, 19, 326. 


® Kiichler and Thiele, 7. phys. Chem., 1939, B, 42, 359. 
7 Parsons, Danby, and Hinshelwood, Proc. Roy. Soc., 1957, A, 240, 333. 
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‘inert ’’ gas effect is solely responsible, for if this were the case nitrous oxide would transfer 
energy much more efficiently than ethane itself. The increase in rate of decomposition of 
ethane may, however, be due partly to the activation of ethane molecules by collision with 
nitrous oxide. 


The authors thank Prof. P. L. Robinson for help and encouragement, Mr. R. E. Dodd for 
discussions, and Mr. P. Kelly for mass-spectrometric determinations. 


KING’s COLLEGE, NEWCASTLE UPON Tyne, lI. Received, January 26th, 1959.) 


420. The Reactions of Free Benzyl Radicals with 1 :2- and 
3: 4-Benzacridine. 
By WitttiamM A. Waters and D. H. Watson. 


Benzy] radicals have been shown to substitute 1 : 2-benzacridine, in good 
yield, at the exposed meso-position (5) and to a slight extent elsewhere. 
From the sterically hindered 3 : 4-benzacridine the addition product 5: 10-di- 
benzyl-3 : 4-benzacridan was obtained, but only in poor yield. Spatial access 
of the benzyl radical to the meso-position is thus, in both benzacridines, of 
importance in controlling the courses of reaction. 


IN a previous paper! we described the reactions of acridine and 5-phenylacridine with 
benzyl radicals and we now report a similar study with both 1: 2- and 3: 4-benzacridine 
(I and II respectively). 

From the reaction of 1 : 2-benzacridine with benzyl radicals a 65° yield of 5-benzyl- 
] : 2-benzacridine (IV) was obtained together with a small amount of a dibenzylbenz- 
acridine and 30°, of unchanged 1: 2-benzacridine. From 3: 4-benzacridine, in contrast, 
7-5% of 5: 10-dibenzyl-3 : 4-benzacridan (VI) was obtained and 75% of unchanged 3: 4- 
benzacridine was recovered. In both cases the products found, and possible products 
which could not be detected in our reaction mixtures, have been synthesised independently 
by routes that afford conclusive proofs of the structures assigned to them. 

Both the reactants yielded considerably more dibenzyl than was obtained in the corre- 
sponding reaction with acridine and so must be less reactive radical-acceptors, as would be 
predicted from approximate calculations of bond localisation energies at the meso-carbon 
centres in the isoconjugate hydrocarbons.” 


H CH,Ph CH,Ph 





H 


S es 





N 





{I (V1) CH,Ph (7-5%) 


Our previous study with acridine ! indicated that the initial attack of benzyl radicals on 
the heterocyclic molecule occurred at the meso-carbon atom rather than at the nitrogen 


1 Waters and Watson, /., 1957, 253. 
2 Dewar, J. Amer. Chem. Soc., 1952, 74, 3357. 
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atom, and our present results support this conclusion but are of added interest in that 
they illustrate the significance of steric hindrance to homolytic substitution. In 1: 2- 
benzacridine (I) the meso-carbon (5) is sterically unhindered, whilst the nitrogen atom is 
hindered. Consequently radical (III) may easily be formed and its homolytic dehydrogen- 
ation (by a second benzyl radical) to (IV) would occur more easily than the addition of a 
second benzyl radical to the nitrogen. 3: 4-Benzacridine (II) is of a converse structural 
type; radical addition to give (V) is difficult, but thereafter the second radical can easily 
add to yield a benzacridan derivative (VI), though in very low overall yield. Alternatively, 
compound (VI) might be produced by initial addition of a benzyl radical to the unhindered 
nitrogen atom of 3: 4-benzacridine. Evidence that such addition is possible is presented 
by us in the following paper. 

At the inception of this work it was hoped that some evidence of radical attack at the 
“K ”’ (phenanthrenoid) positions might be discovered, corresponding to the substitution 
of 5-phenylacridine in the 1l-position. The dibenzylacridine isolated from 1 : 2-benz- 
acridine (I) is perhaps formed by a reaction of this type. 


EXPERIMENTAL 

1 : 2-Benzacridine was prepared from 5-chloro-1 : 2-benzacridine,? m. p. 144—145°. This 
was reduced to 1: 2-benzacridan {[Found: C, 88-4; H, 5-7; N, 6-1. (C,,;H,,N requires C, 88-2; 
H, 5:7; N, 6-2%), Amax. 2580, 2840, 3500 A (log ¢ 4-29, 4-06, 3-97) in ethanol), (yellow plates from 
aqueous ethanol; m. p. 140°) with hydrogen and Raney nickel in alkaline ethanol. The 
1 : 2-benzacridan was then oxidised in boiling water with potassium dichromate and sulphuric 
acid by the method described by Albert and Willis ® for the oxidation of 3: 4-benzacridan. 
1 : 2-Benzacridine was thus obtained in 75% yield as lemon-yellow needles (from cyclohexane), 
m. p. 107—108° (lit.,* 108°), Amax. in ethanol 2675, 2740, 2850, 3315, 3380, 3415, 3645, 3840 A 
(log ¢ 4:75, 4:90, 4-69, 3-78, 3-78, 3-84, 3-93, 3-96). It was easily reduced to 1 : 2-benzacridan 
(yield 75%) by treatment with lithium aluminium hydride in boiling tetrahydrofuran (2% 
solution). 

Preparations of 3: 4-benzacridine by the reactions of Ullmann and Fetvadjian’ and of 
Buu-Hoi ® gave variable and uncertain yields. A much more certain route was that of ring 
closure of N-2’-naphthylanthranilic acid ® to 5-chloro-3 : 4-benzacridine,’® reduction of this to 
3: 4-benzacridan, m. p. 166—168°, Amax. in ethanol, 2680, 2780, 3160, 3675 A (log ¢ 4-34, 4-40, 
4-09, 3-57), with hydrogen and Raney nickel, as described by Badger, Seidler, and Thonison,* 
and oxidation of the latter in boiling water with potassium dichromate and sulphuric acid as 
described by Albert and Willis.5 The 3: 4-benzacridine crystallised from cyclohexane in white 
needles, m. p. 131° (lit., 131°), A%max. in ethanol 2765, 2850, 3365, 3465, 3635, 3835 A (log ¢ 4-76, 
4-73, 3-77, 3-88, 4-00, 4-03). 

Reaction of 1 : 2-Benzacridine with Benzyl Radicals.—1 : 2-Benzacridine (4-5 g.) in dry toluene 
(400 ml.) was refluxed under nitrogen with ¢ert.-butyl peroxide (8-2 g.) for 76 hr. After evapor- 
ation of the solvent the residual gum (9 g.), in light petroleum (200 ml.), was chromatographed 
on alumina (600 g.) with light petroleum—benzene. It gave (a) dibenzyl(1-6 g.), (b) 1: 2-benz- 
acridine (1-4 g., 31%), yellow needles (from cyclohexane), m. p. and mixed m. p. 107°, (c) 5-benzyl- 
1 : 2-benzacridine (4-0 g., 64%) which crystallised from cyclohexane in pale yellow needles, m. p. 
and mixed m. p. (see below) 144° (Found: C, 89-8; H, 5:2; N, 4-6. Calc. for C,,H,,N: C, 90-2; 
H, 5-4; N, 44%), Amax. in ethanol 2680, 2780, 2885, 3350, 3490, 3670, 3865 A (log ¢ 4-79, 4-97, 4-94, 
3-89, 3-99, 4-05, 4-03), and (d) a gum (0-75 g.) which after extraction with 2N-sulphuric acid, 
basification, and further chromatography gave a dibenzyl-1 : 2-benzacridine (80 mg., 1%) which 
crystallised from cyclohexane in pale yellow needles, m. p. 177-5—179° (corr.) (Found: C, 90-8; 
H, 5-7; N, 3-7. (C,3,H»3N requires C, 90-9; H, 5-7; N, 3-4%). The infrared absorption of the 

3 Bachmann and Picha, J]. Amer. Chem. Soc., 1946, 68, 1599. 

‘ Cf. Badger, Seidler, and Thomson, J., 1951, 3207. 

5 Albert and Willis, J. Soc. Chem. Ind., 1946, 65, 26. 

® Ullmann and La Torre, Ber., 1904, 37, 2922. 

7 Ullmann and Fetvadjian, Ber., 1903, 36, 1029. 

§ Buu-Hoi, J., 1949, 670. 

® Ullmann, Annalen, 1907, 355, 350. (This is best prepared by a Chapman reaction; cf. ref. 1.) 
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last compound at 698, 709, and 753 cm." indicates the presence of phenyl and its absorption in 
chloroform [Amax. 2740, 2840, 2950, 3380, 3435, 3540, 3715, 3920 A (log « 4-54, 4-72, 4-75, 3-76, 
3-76, 3-80, 3-87, 3-76)] indicates that it is a substituted 1: 2-benzacridine. A trace of a colour- 
less benzyl-1 : 2-benzacridine (structure inferred from light absorption), m. p. 194—197°, was 
also obtained. 

Reaction of 3:4-Benzacridine with Benzyl Radicals.—3:4-Benzacridine (6 g.), toluene 
(300 ml.), and ¢ert.-butyl peroxide (6-7 g.) were refluxed under nitrogen for 9 days. Investig- 
ation of the product, as described above, established the presence of dibenzyl (5 g.), 3: 4- 
benzacridine (4-2 g., 70%), and 5: 10-dibenzyl-3 : 4-benzacridan (0-81 g., 7-5°%). The last 
crystallised from methanol—methy] acetate in white needles, m. p. and mixed m. p. 157—159° 
(Found: C, 90-3; H, 6-0; N, 3-2. (C,,H,;N requires C, 90-5; H, 6-1; N, 3-4%), Amax. 2765, 
3165, 3600 A (log ¢ 4-56, 4-18, 3-64), inflexions at 2675, 3060 A (log « 4-47, 4-11) (7.e., absorption 
of acridan type). 

Preparations of Reference Compounds.—5-Benzyl-1 : 2-benzacridine, prepared by fusion of 
N-phenyl-l-naphthylamine and phenylacetic acid with zinc chloride,? had m. p. 143—144 
[picrate, m. p. 225—256° (decomp.)]. 5-Benzyl-1 : 2-benzacridan, obtained by reduction of this 
compound with lithium aluminium hydride in tetrahydrofuran, crystallised from light petroleum 
in needles, m. p. 125° (Found: C, 89-7; H, 6-0; N, 4:7. (C,,H,,N requires C, 89-7; H, 6-0; N, 
44%), Amax in ethanol 2600, 3465 A (log ¢ 4-32, 3-98). 

5-Benzyl-1 : 2-benzacridan (0-18 g.) was added with stirring to a solution of potassamide 
(from 0-13 g. of potassium and a trace of ferric nitrate) in liquid ammonia (130 ml.). After 
30 min. the dark colour of the solution was discharged by dropwise addition of benzyl chloride 
and, after evaporation of the ammonia, the excess of benzyl chloride was removed in steam. 
The residue was taken up in light petroleum—benzene (1: 1) and filtered throughalumina. After 
recrystallisation from methanol—methyl acetate the 5: 10-dibenzyl-1 : 2-benzacridine (0-12 g.) 
formed needles, m. p. 123—124° (Found: C, 90-8; H, 6-1; N, 3-4. C,,H,;N requires C, 90-5; 
H, 6-1; N, 3-4%), Amax. in ethanol 2545, 3375 A (log ¢ 4-31, 3-89). 

5-Benzyl-3 : 4-benzacridine,* prepared by fusion at 215—240° of N-phenyl-2-naphthyl- 
amine,’ phenylacetic acid, and zinc chloride, had m. p. 143° (from light petroleum) (Found: C, 
90-2; H, 5-2; N, 4:2. Calc. for C,,H,,N: C, 90-2; H, 5-4; N, 4-4%), Amax in ethanol 2480, 
2780, 2850, 3510, 3685, 3880 A (log ¢ 4-41, 4-83, 4-81, 3-93, 4-01, 3-97). 

5-Benzyl-3 : 4-benzacridine (2-15 g.) in boiling toluene (100 ml.) was treated with sodium 
(10-5 g.), and pentanol (100 ml.) was gradually added. When the sodium had dissolved the 
solution was cooled, washed with water, and evaporated. Crystallisation of the residue from 
methanol gave 5-benzyl-1’ : 2’ : 3’ : 4’-tetrahydro-3 : 4-benzacridan, m. p. 156—157° (1 g.) (Found: 
C, 88-6; H, 7-2; N, 4:3. C,,H,,N requires C, 88-6; H, 7-1; N, 43%). Its light absorption in 
ethanol, Amax 2830 A (log ¢ 4-15), indicates that it contains an acridan and not a benzacridan 
system. The same compound was obtained (yield 95%; m. p. 156—157°) by reducing 5-benzyl- 
3: 4-benzacridine with excess of sodium in liquid ammonia. Oxidation of this substance 
(50 mg.) in aqueous alcohol with ferric chloride at 100° gave yellow needles, m. p. 117—119°, 
Amax, In ethanol 2565, 3575 A (log ¢ 5-34, 4-15) (indicative of 5-benzyl-I’ : 2’: 3’ : 4’-tetrahydro- 
3 : 4-benzacridine). 

5-Benzyl-3 : 4-benzacridan was obtained by reducing 5-benzyl-3 : 4-benzacridine (1-0 g.) with 
lithium aluminium hydride (0-4 g.) in refluxing tetrahydrofuran (30 ml.) for 14 hr. and then 
decomposing the excess of reducing agent with ethyl acetate. It crystallised from methanol- 
methyl acetate in needles, m. p. 138—140° (0-75 g.) (Found: C, 89-7; H, 5-9; N, 4-1. CygHyN 
requires C, 89-7; H, 6-0; N, 4:-4%), Amax in ethanol 2735, 3080, 3635, 3815 A (log e 4-56, 4-06, 
3-63, 3-53). Benzylation of this in liquid ammonia, with potassamide and benzyl chloride as 
described above, gave 5: 10-dibenzyl-3: 4-benzacridan, wich crystallised from methanol in 
needles, m. p. 161—163° (Found: C, 90-4; H, 5-9; N, 3-8. Calc. for C,,H,,N: C, 90-5; H, 
6-1; N, 3-4%), Amax. in ethanol 2680, 2770, 3065, 3160, 3600 A (log ¢ 4-47, 4-56, 4-11, 4-18, 3-64). 


One of us (D. H. W.) thanks the Department of Scientific and Industrial Research for a 
research studentship (this and the following paper). 
THE Dyson PERRINS LABORATORY, OXFORD. [Received, January 6th, 1959.) 
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421. The Reaction of Phenazine with Free Benzyl Radicals. 


By Wiritam A. WaTERs and D. H. Watson. 





Benzyl radicals react easily with phenazine, giving 1-benzylphenazine 
and 5: 10-dibenzyl-5 : 10-dihydrophenazine in the approximate ratio 3: 1. 
C-Substituted di- and possibly tetra-benzylphenazines are also formed. 
' Work in this laboratory has shown that benzyl radicals add to the meso-positions of 
anthracene} and acridine; ? in the latter case the initial attack occurred at the carbon 
| and not at the nitrogen centre, an inference corroborated by investigation of the 1 : 2- 
: and 3:4-benzacridine.* It was therefore of interest to investigate the benzylation of 
phenazine in which nitrogen occupies both meso-positions. 

Phenazine proved very reactive since only about 1% of dibenzyl was formed by 
combination of benzyl radicals. The reaction yielded 1-benzylphenazine (I) and 
5 : 10-dibenzyl-5 : 10-dihydrophenazine (II) in the approximate molar ratio of 3:1 and 

smaller amount of more highly C-substituted phenazines, but no trace of 2-benzylphenazine 


CH,Ph 
No GHDPh 5 
= 

OI 
N N 

(I) (II) CH,Ph 


was discovered. For reference, aythentic 1- and 2-benzylphenazine were synthesised by 
oxidising 1- and 2-methylphenazine “8 to the corresponding aldehydes, condensing these 
with phenylmagnesium bromide, oxidising the resulting alcohols to the benzoylphenazines, 
and reducing the latter by the Huang-Minlon method. 5: 10-Dibenzyl-5 : 10-dihydro- 
phenazine was prepared by benzylating the sodium adduct of phenazine.® 

The theoretical implications of this study are two-fold. First, it gives clear evidence 
of some direct attack of hydrocarbon radicals on the nitrogen atoms of heterocyclic 
aromatic ring-systems, a feature of homolytic substitution that has not been established 
with pyridine or quinoline and was thought not to occur with acridine,* though the 
possibility of attack by benzoylperoxy-radicals on the nitrogen of pyridine and quinoline 
has recently been considered.’ Secondly, it shows that phenazine is much more reactive 
in the side rings than anthracene or acridine, combined with which is its marked tendency 
to form C-substitution rather than addition products and thus preserve the aromatic 
character of the whole molecule. Substitution in a- rather than in §-positions naturally 
accords with qualitative theoretical expectations. 


EXPERIMENTAL 
M. p.s are corrected. 
Phenazine was prepared from 2-nitrodiphenylamine in 60% yield by Waterman and Vivian’s 
method.® 
Reactions with Benzyl Radicals.—(i) Phenazine (5 g.) and ¢ert.-butyl peroxide (8-2 g., 2 mol.) 
were refluxed under nitrogen in dry toluene (400 ml.) for 7 days. After removal of solvent the 
residual black gum (9-4 g.) was taken up in light petroleum—benzene (9 : 1) and chromatographed 





1 Beckwith and Waters, J., 1957, 1001. 
* Waters and Watson, J., 1957, 253. 
* Waters and Watson, preceding paper. 
* McCombie, Scarborough, and Waters, /., 1928, 353. 
5 Vivian, Hartwell, and Waterman, J. Org. Chem., 1954, 19, 1641. 
® Mikhailov and Blokhina, Izvest. Acad. Nauk S.S.S.R., Otdel. khim. Nauk, 1950, 304; Chem. Abs., 
1950, 44, 9452. 
7 Pausacker, Austral. J. Chem., 1958, 11, 200. 
* Waterman and Vivian, J]. Org. Chem., 1949, 14, 289. 
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through alumina (300 g.). It yielded green-grey needles (260 mg.) which after sublimation 
at 200°/0-5 mm. and crystallisation from light petroleum gave yellow needles of 5 : 10-dibenzyl- 
5: 10-dihydrophenazine, m. p. and mixed m. p. (see below) 213—214-5° (Found: C, 86-6; 
H, 6-3; N, 7-5. CygH..N, requires C, 86-2; H, 6-1; N, 7-7%). Further elution with benzene 
gave mixtures of phenazine and benzylphenazines. From further similar experiments, this 
mixture was separated by steam-distillation into a trace of dibenzyl (<2%), volatile 
phenazine, m. p. and mixed m. p. 173—174°, and involatile 1-benzylphenazine, yellow needles 
(from light petroleum), m. p. and mixed m. p. (see below) 120—121° (Found: C, 84-0; H, 5-1; 
N, 10-4. C,,H,,N, requires C, 84-4; H, 5-2; N, 10-4%), which was oxidised by chromium 
trioxide in acetic acid to 1-benzoylphenazine, yellow needles (from methanol), m. p. and mixed 
m. p. 196—197° (Found: C, 80-1; H, 4:3; N, 10-2. C,,H,,ON, requires C, 80-2; H, 4:3; 
N, 99%). There were also isolated from the involatile material a dibenzylphenazine (2-5%) 
crystallising in yellow needles, m. p. 171—173° (Found: C, 86-7; H, 5-7; N, 7-5. CagHooN, 
requires C, 86-7; H, 5-6; N, 7-8%), and a smaller amount of a tetrabenzylphenazine, as yellow 
needles, m. p. 198—200° (Found: C, 88-8 + 0-4; H, 6-0 + 0-7; N, 4-7 + 0-5 in 5 analyses. 
CyoHz.N, requires C, 88-8; H, 6-0; N, 5-2%). 

(ii) Phenazine (10 g.) and ¢ert.-butyl peroxide (8 g., 0-9 mol.) were refluxed under a stream 
of pure nitrogen in dry toluene (500 ml.) for 76 hr. Steam-distillation of the resulting material 
separated 5-8 g. (58°,) of phenazine and by chromatography there were obtained 1 g. (5%) of 
5: 10-dibenzyl-5 : 10-dihydrophenazine, 2-5 g. (16:5%) of 1l-benzylphenazine, and traces of 
yellow polybenzylphenazines with m. p.s in the range 205—220°. None of the infrared spectra 
of these fractions had a band at 814 cm." indicative of 2-benzylphenazine. 

The dibenzylphenazine of m. p. 171—173° is not 1 : 4-dibenzylphenazine, which is known; ® 
it may well be 1 : 5-dibenzylphenazine. 

Preparation of Reference Compounds.—1-Methylphenazine, m. p. 107—108° (lit., 108°), was 
obtained in 37% yield by heating 2-methyl-2’-nitrodiphenylamine * with 10 times its weight of 
degreased iron filings (cf. ref. 8) and then oxidised with freshly sublimed selenium dioxide to 
1-formylphenazine, m. p. 176—177° (lit.,222 175°), by Rozum’s method.!® To this aldehyde 
(2 g.) in tetrahydrofuran (200 ml.) was added, under nitrogen, a filtered solution of phenyl- 
magnesium bromide (from 6 g. of bromobenzene) in ether. After completion of the reaction 
the product, l-«-hydroxybenzylphenazine (1-4 g.), was purified chromatographically and 
crystallised from methanol in fine yellow needles, m. p. 126—127° (Found: C, 79-8; H, 4-8; 
N, 9-9. C,,H,,ON, requires C, 79-7; H, 4:9; N, 9-8%). This alcohol (0-3 g.) was oxidised at 
100° with chromium trioxide (0-1 g.) in acetic acid (4 ml.) to 1-benzoylphenazine (0-18 g.) which 
crystallised from methanol in stout yellow needles, m. p. 196—197° (Found: C, 80-4; H, 4-6; 
N, 9-6%). This material (0-18 g.) was reduced with 100% hydrazine hydrate (2 ml.) and 
potassium hydroxide (1-5 g.) in diethylene glycol (10 ml.) and gave 1-benzylphenazine (0-15 g.) 
as yellow needles [from light petroleum (b. p. 40—60°)], m. p. 121—122° (Found: C, 84-7; 
H, 5-1; N, 10-1%). 


Amax. Amax. Amax. Amax. 

Phenazine (A) loge (A) loge Phenazine (A) logs (A) loge 
1-Methyl... 2515 5-2 3630 4-2 Dibenzyl (m. p. 171— 
2-Methyl... 2515 5-2 3645 4-2 eee 2565 5-0 3650 4-2 
1-Benzyl ... 2520 5-1 3635 4-2 Tetrabenzylphenazine 
1-Benzoyl 2490 5-0 3645 4-2 (m. p. 199—200°) ...... 2670 3730 ~ 
2-Benzyl ... 2565 50 3650 4-2 5: 10-Dibenzyl-5 : 10-di- 2500 4-9 2530* 4:8 

BNE cectresviqvenieiwanes 3530 4-0 3590* 4-0 


* In chloroform. 


From 2-methylphenazine, m. p. 117—118° (lit.,4 117°), prepared similarly from 4-methy]l-2’- 
nitrodiphenylamine, was obtained 2-formylphenazine, m. p. 187° (corr.) (lit.,4° 185°), and 
thence 2-a-hydroxybenzylphenazine which crystallised from methanol in yellow plates, m. p. 
174—174-5° (Found: C, 79-8; H, 5-0; N, 96%). Oxidation of this, as described above, gave 
2-benzoylphenazine, yellow needles (from methanol), m. p. 130—131° (Found: C, 70-8; H, 4-2; 
N, 9-6%), from which by Huang-Minlon reduction was obtained 2-benzylphenazine, yellow 
needles (from light petroleum), m. p. 106—107-5° (Found: C, 84-7; H, 5-3; N, 10-1%). 

® Mcliwain, J., 1937, 1701. 

10 Rozum, Zhur. obshchei Khim., 1955, 25, 611. 

1! Birkofer and Birkofer, Chem. Ber., 1952, 85, 286. 
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5: 10-Dibenzyl-5 : 10-dihydrophenazine was prepared by adding sodium chips (1-8 g.) toa 
stirred suspension of phenazine (1-75 g.) in liquid ammonia (300 ml.); after 45 min. the deep 
blue colour was discharged by addition of benzyl chloride, ammonia was allowed to evaporate 
from the resulting yellow solution, and the remainder after treatment with water was steam- 
distilled. From the residue (2-3 g.) the dibenzyldihydrophenazine crystallised on addition of 
benzene and had m. p. and mixed m. p. 213—214-5° with material obtained from the reaction 
described above. The same substance was obtained in 44% yield by shaking phenazine (1-1 g.), 
sodium (0-4 g.), and glass chips in 1] : 2-dimethoxyethane (20 ml.) under nitrogen for 36 hr.* and 
then decomposing the sodium adduct with benzyl chloride; this had m. p. 213—214-5° (Found: 
C, 86-3; H, 6-2; N, 7-7%). 

Ultraviolet Spectra of Phenazine Derivatives in Ethanol.—These are reported in the Table. 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, January 6th, 1959.] 





422. Experiments towards the Synthesis of Corrins. Part I. The 
Preparation and Reactions of Some A'-Pyrrolines. A Novel Proline 
Synthesis. 

By R. Bonnett, V. M. CLark, A. GIDDEY, and Sik ALEXANDER Topp. 


Several A}-pyrrolines have been prepared by cyclisation of y-amino- 
carbonyl compounds and by dehydrogenation of pyrrolidines with mercuric 
acetate. Their reactions with various nucleophiles have been studied. 
Addition of hydrogen cyanide to A!-pyrrolines unsubstituted in the 2- 
position gives 2-cyanopyrrolidines which can be hydrolysed to the corre- 
sponding proline derivatives. 


THE molecule of vitamin B,, contains a planar quadridentate ligand bearing a resemblance 
to the porphyrins, though at a lower level of oxidation. For the basic ring system (I) of 
this ligand the name “ corrin ”’ has been proposed.” This ring system has as yet been found 
only in the B,, group of vitamins and in an endeavour to further our understanding of the 
vitamin and its mode of action experiments towards the synthesis of corrin derivatives 
have been initiated and will be reported in this and subsequent papers. 

The unit ring system of the corrin nucleus is related to the A!-pyrrolines, about which 
little is known. This lack of knowledge is doubtless due in part to the difficulty 
encountered by earlier workers in determining the true position of the double bond in their 
products. The reduction of pyrroles with zinc in acid solution® appears to yield A%- 
pyrrolines as major products, together with some of the A!-form, though catalytic isomeris- 
ation using Raney nickel * converts A*- into the Al-isomers. A more widely applicable 
preparative method has been that based upon the cyclisation of y-amino-carbonyl com- 
pounds.® Using this route we have prepared a series of A!-pyrrolines (III, a, b,c). In 
each case, before reduction of the nitro-group, the carbonyl group was protected as the 
1 : 3-dioxolan derivative in order to avoid formation of the corresponding pyrrolidine and 
Al-pyrroline l-oxide.6 The A!-pyrrolines so obtained are colourless volatile liquids having 
a penetrating and unpleasant odour. They can be readily characterised as their picrates. 
The infrared spectra of the liquid bases show a strong absorption band, attributable to the 
C=N stretching mode, appearing near 1650 or 1620 cm."! depending on whether or not the 
=C- atom bears an alkyl substituent. Protonation of the azomethine group gives rise to a 


? Bonnett, Cannon, Clark, Johnson, Parker, Lester Smith, and Todd, /J., 1957, 1158, and references 
therein cited. 

2 1.U.P.A.C. “ Nomenclature of Organic Chemistry, 1957,” Butterworths, 1958, p. 85. 

3 Ciamician and Dennstedt, Ber., 1882, 15, 1831. 

* Evans, J. Amer. Chem. Soc., 1951, 78, 5230. 

5 Kohler and Drake, ibid., 1923, 45, 2144; Cloke, ibid., 1929, §1, 1174; Rupe and Gisiger, Helv. 
Chim. Acta, 1925, 8, 338. 
® Cf. Knott, J., 1948, 186; Kloetzel and Pinkus, ]. Amer. Chem. Soc., 1958, 80, 2332. 
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hypsochromic shift of approximately 35 cm.", the band being readily observable with 
hydrochlorides though not always with picrates where absorption due to the anion tends 
to be superimposed upon it. In conformity with the A!-formulation the infrared spectra 
of the free bases show no absorption of an N-H stretching mode and electrometric 
titration in aqueous solution gives pK, values of 6-7—7-7, as would be expected of Schiff 
bases.” 

In the absence of specific evidence to the contrary, it might be assumed that those 
pyrrolines formed by the cyclisation of y-amino-ketones would have been formulated in 
the existing literature as the Al-isomers. However, both Hielscher § and Gabriel ® assigned 


, 3p4 3p4 
R'R?CH-NO, isan 7 aie — 
‘ R'R? R ral Jes 
+ R?R*C=CH-COR No, OR’ NZ 


ee op? oR (diy (111) 
(a) Me Me H H H 
(b) Me Me Me H H 
(c) H H Me Me Me 





the A*-structure to such products and Sonn,’ although expressing the possibility of 
tautomerism between A!- and A?-forms, formulated the stable product as the A?-isomer. 
As a result the very existence of A}-pyrrolines was denied in some texts " and it is only 
recently that compelling spectral evidence for the A’-formulation of these reduction 
products has been presented.*1!2 

In addition to the above reductive methods it has now proved possible to obtain A}- 
pyrrolines by dehydrogenation of the corresponding pyrrolidines. The dehydrogenation 
of tertiary amines has been extensively investigated by using a variety of reagents; 118 
secondary amines have, however, received much less attention. N-Methylbenzylamine has 
been dehydrogenated with manganese dioxide in chloroform,!® and evidence for the form- 
ation of an azomethine group obtained though the Schiff base was not isolated; the same 
reagent has been shown to convert N-methylaniline into formanilide.“ Piperidine, on 
attempted conversion into A!-piperideine, yielded a series of trimers and analogous 
behaviour in the case of pyrrolidine has been reported.”4 

In the present work we have found that a number of cyclic secondary amines can be 
dehydrogenated by mercuric acetate in dilute aqueous acetic acid. This reagent, under 
somewhat milder conditions, has been used by Leonard and his co-workers * for the 
dehydrogenation of cyclic tertiary amines, their conditions being such that secondary 
amines were unaffected. In our experiments the reaction was conveniently followed by 


7 Starr, Bulbrook, and Hixon, J. Amar. Chem. Soc., 1932, 54, 3971. 
Hielscher, Ber., 1898, 31, 277. 
Gabriel and Colman, Ber., 1908, 41, 513; Gabriel, ibid., 1909, 42, 1238. 
1® Sonn, Ber., 1935, 68, 148; 1939, 72, 2150. 
11 Sidgwick, Taylor, and Baker, ‘‘ The Organic Chemistry of Nitrogen,’’ Clarendon Press, Oxford, 
1937, p. 491; Corwin in ‘ Heterocyclic Compounds,” ed. Elderfield, Wiley, New York, 1950, Vol. I, p. 
339. 
12 Eddy and Eisner, Analyt. Chem., 1954, 26, 1428; Witkop, J. Amer. Chem. Soc., 1954, 76, 5597. 
13 Julian and Printy, ibid., 1949, 71, 3206; Buckley, Dunstan, and Henbest, /., 1957, 4880. 
14 Leonard and Hauck, J. Amer. Chem. Soc., 1957, 79, 5279, and references therein. 
18 Buckley, Dunstan, and Henbest, J., 1957, 4901. 
16 Dunstan and Henbest, ibid., 4905. 
17 Godtfredsen and Vangedal, Acta Chem. Scand., 1956, 10, 1414. 
18 Henbest and Thomas, /., 1957, 3032. 
1%* Highet and Wildman, /. Amer. Chem. Soc., 1955, 77, 4399. 
Lehmann and Schwaderer, Ber., 1889, 22, 1318, 1328; Schépf, Komak, Braun, and Jacobi, 
tnnalen, 1948, 559, 1, and later papers. 

21 Schépf, F.1.A.T. Review, “ Preparative Organic Chemistry,” 1948, Part 2, p. 117. 

#2 Leonard and Morrow, J]. Amer. Chem. Soc., 1958, 80, 371. 


~ 





th 
ds 
ra 
ric i 
iff 


se 
in 
od 


[1959] Experiments towards the Synthesis of Corrins. Part I. 2089 


observing the precipitation of mercurous acetate, and the products were examined by gas- 
chromatography which separated the 2-alkylpyrrolidines clearly from the corresponding 
A!-pyrrolines: the latter were readily isolated as picrates. In this fashion, 2- 
methylpyrrolidine, 2: 5-dimethylpyrrolidine, and 2:4: 4-trimethylpyrrolidine were 
dehydrogenated, the crude product in each case containing the original base and the 
corresponding A}!-pyrroline in approximate ratio 3:2. The nature of the unsaturated 
products was confirmed by their electrometric titration curves and infrared spectra, and 
by the mixed melting points of their picrates. In the case of pyrrolidine itself, mercurous 
acetate was precipitated during the reaction but no new volatile base could be isolated: 
presumably the product polymerised.** 2: 2-Dimethylpyrrolidine and 2 : 2 : 3-trimethyl- 
pyrrolidine were not dehydrogenated under these conditions, whilst 2-methylpiperidine 
gave a low yield of 2-methylpiperideine. In the pyrrolidine series, not only is a planar 
transoid arrangement unfavourable, but initial mercuration is subject to considerable 
steric hindrance when an «-position is completely substituted. 

The A!-pyrrolines, on the basis of their analyses, infrared spectra, and low basicity, 
exist in the cyclic form rather than as acyclic y-amino-carbonyl compounds, although 
with acylating agents derivatives of the acyclic form are obtained.? The tobacco-smoke 
constituent, myosmine *4 (IV), readily yields carbonyl derivatives * although the existence 
of the amino-ketone poikiline ** (V) as such is open to question. 


H:C—CH, 


(y° UCH, 
NH, 


(IV) (V) 


A!-Pyrrolines are slowly reduced by tin and hydrochloric acid and, more rapidly, by 
lithium aluminium hydride to yield, in each case, the pyrrolidine. The azomethine link 
is much less susceptible to nucleophilic addition than the carbonyl group, though under 
acid conditions reactivity is enhanced. Under basic conditions, nitromethane and nitro- 
ethane did not react with any of the A!-pyrrolines investigated, nor did addition of the 
Grignard reagent occur. Previous workers have used the Grignard reagent in attempted 
Zerewitinow determinations on 2-substituted A'-pyrrolines: the formation of a 1:1 
complex has been reported *? and in some instances the pyrroline has been recovered.?7-8 


Ht bed Me, 
> ed N 
Me,\ zg Me,\ g Me,x\ g H 
N 


N N (VI) 


In the present work, attempted addition of ethylmagnesium bromide to 2 : 4 : 4-trimethyl- 
Al-pyrroline led to a trace of high-boiling material and 40% recovery of the base. 5 : 5-Di- 
methyl-A!-pyrroline behaved differently, and there is evidence that the high-boiling 
product contained the dimeric compound (VI) formed, probably, as a result of initial 
abstraction of a proton followed by addition to a second pyrroline molecule.” 

The addition of cyanide ion to a protonated or quaternised azomethine is well 


*3 Fuhlhage and VanderWerf, ]. Amer. Chem. Soc., 6249. 
*4 Spath, Wenusch, and Zajic, Ber., 1936, 69, 393; Stein and Burger, J. Amer. Chem. Soc., 1957, 79, 


25 Haines, Eisner, and Woodward, ibid., 1945, 67, 1258. 

26 Wenusch and Schiller, quoted by Marion, ‘‘ The Alkaloids,” ed. Manske and Holmes, Academic 
Press, New York, 1950, Vol. I, p. 256. 

27 Maginnity and Cloke, J. Amer. Chem. Soc., 1951, 78, 49; Maginnity and Gair, ibid., 1952, 74, 4958. 

28 Kloetzel, Pinkus, and Washburn, ibid., 1957, 79, 4222. 

2° Cf. Short and Watt, /J., 1930, 2293; Plancher and Ravenna, Atti R. Accad. Lincei, 1906, 16, ii, 
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known !-° and it has been found to proceed with A!-pyrrolines in which the 2-position is 
unsubstituted: for example, 5: 5-dimethyl-A!-pyrroline readily gave 5-cyano-2 : 2-di- 
methylpyrrolidine (VII; RK = Me) which was reduced by lithium aluminium hydride to 
the corresponding diamine and hydrolysed with hydrochloric acid to 5 : 5-dimethylproline 
(VIII; R = Me). 


| KCN | 6N-HCli | 
—_———» ————__»> 
R, Z HCl R, N CN mk. CO,H 


N 
H H 
(Ila) (Vil) (VIII) 


A similar series of reactions was performed with 4: 5 : 5-trimethyl-A!-pyrroline 
although the separation of the various diastereoisomers was not attempted. The formul- 
ation of the products follows from the analyses of the nitriles, the prolines, and the salts 
of the diamines, together with the electrometric titration of the latter.* 

The addition of hydrogen cyanide to A!-pyrrolines thus provides a novel and con- 
venient route to various substituted prolines, some of which occur naturally. Proline, 
too, can be made by this method, for on treatment of 4-amino-1 : 1-diethoxybutane with 
hydrochloric acid and potassium cyanide the amino-nitrile (VII; R = H) was obtained: 
subsequent hydrolysis then gave proline (VIII; R = H). 


EXPERIMENTAL 


The organic bases were isolated by adjusting their aqueous solutions to pH 11 with aqueous 
potassium hydroxide and extracting these solutions continuously with ether for several hours. 
Drying (MgSO,) of the extract followed. Unless otherwise stated, the picrates were yellow, 
were prepared in moist ether, and were recrystallised from ethanol or propan-l-ol. Infrared 
spectra were measured by using Nujol or hexachlorobutadiene mulls or liquid films. 

Preparation of A}-Pyrrolines from y-Nitro-carbonyl Compounds (with Drs. R. F. C. BRowNn 
and M. LamcHEen).—(a) 5: 5-Dimethyl-A}-pyrroline. 4-Methyl-4-nitropentan-l-al (70 g.; 
prepared by condensation of 2-nitropropane and acraldehyde in presence of sodium 
methoxide **), dry ethylene glycol (35 g.), and toluene-p-sulphonic acid (1 g.) were heated under 
reflux in benzene (200 ml.), the water produced (9 ml.) being retained in a Dean-Stark trap. 
The benzene solution was washed with aqueous sodium hydrogen carbonate, dried, and 
fractionated to give 2-(3-methyl-3-nitrobutyl)-1 : 3-dioxolan (68 g., 75%), b. p. 105°/0-5 mm. 
(Found: C, 51-0; H, 8-2; N, 7-35. C,H,;0O,N requires C, 50-8; H, 8-0; N, 7-4%). The 
dioxolan (63 g.) was hydrogenated in methanol (30 ml.) over Raney nickel (5 g.) at room temper- 
ature and 115 atm. for 20 hr., the catalyst removed, solvent evaporated, and the residue heated 
under reflux with 7-5N-hydrochloric acid (65 ml.) for 20 min. The cooled solution was made 
alkaline with aqueous potassium hydroxide and extracted with ether. Fractionation of the 
dried extract gave 5: 5-dimethyl-A'-pyrroline, b. p. 104—108° (17 g., 53%), whose infrared 
spectrum showed peaks at 1621, 1378, and 1361 cm... The hydrochloride, a hygroscopic solid, 
exhibited a band at 1655 cm.+. The picrate crystallised as yellow prisms (from ethanol-ether), 
m. p. 120—124° (Found: C, 44-5; H, 4-6; N, 17-1. C,,.H,sO,N, requires C, 44-2; H, 4:3; N, 

72%). 

(b) 4:5: 5-Trimethyl-A'-pyrroline. 3: 4-Dimethyl-4-nitropentan-l-al, prepared according 
to Warner and Moe’s instructions,** was converted in 63% yield into the 1 : 3-dioxolan, b. p. 
100°/0-4 mm. (Found: C, 53-5; H, 8-2; N, 7-1. C,H,,O,N requires C, 53-2; H, 8-4; N, 7-0%). 
The dioxolan was hydrogenated and hydrolysed, yielding 4: 5: 5-trimethyl-A-pyrroline, b. p. 
127—130°, in 61% yield (Found: C, 75-2; H, 12-3; N, 12-9. C,H,,;N requires C, 75-6; H, 
11-8; N, 126%). The infrared band of C=N was at 1617 cm.+. The picrate formed prisms, 
m. p. 173° (Found: C, 46-0; H, 4-8; N, 16-6. C,,;H,,O;N, requires C, 45-9; H, 4:7; N, 
165°). 


% Dornow and Liipfert, Chem. Ber., 1956, 89, 2718. 

31 Rometsch, Marxer, and Miescher, Helv. Chim. Acta, 1951, 34, 1611. 

32 Hulme aad Arthington, Nature, 1954, 174, 588; Hulme, ibid., 1055; Kenner and Sheppard, ibid., 
1958, 181, 48. 

33 Shechter, Ley, and Zeldin, J. Amer. Chem. Soc., 1952, 74, 3664; Warner and Moe, ibid., p. 1064. 
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(c) 2:4: 4-Trimethyl-A}-pyrroline. 4: 4-Dimethyl-5-nitropentan-2-one* was converted into 
the corresponding dioxolan, b. p. 90°/0-7 mm. (81%) (Found: C, 53-0; H, 82; N, 6-9. 
C,yH,,0,N requires C, 53-2; H, 8-4; N, 7-0%), from which 2: 4: 4-trimethyl-A}-pyrroline, b. p. 
126—129°, was prepared in 38°, yield. The infrared band of the C=N group was at 1644 cm.1. 
The picrate, needles, m. p. 195°, exhibited a band at 1684 cm. (Found: C, 45:8; H, 4-9; N, 
16-5. C,,3H,,O,N, requires C, 45-9; H, 4-7; N, 16-5%). 

Preparation of Pyrrolidines.—(a) 2-Methylpyrrolidine. Levulic acid oxime * (50 g.) in 
methanol (200 ml.) was hydrogenated over Raney nickel (8 g.) in an autoclave at 100°/100 atm. 
for 2 hr.; after removal of the catalyst, fractionation gave 5-methylpyrrolid-2-one (26 g., 
69%), b. p. 135—143°/15 mm. Reduction of this with lithium aluminium hydride * yielded 
2-methylpyrrolidine (65%), b. p. 92—93°, whose chloroplatinate *’ formed orange needles, m. p. 
208°, from aqueous ethanol. Picric acid gave a picrate—picric acid complex as orange prisms, 
m. p. 89°, after recrystallisation from ethanol (Found: C, 37-6, 37-9; H, 3-1, 3-1; N, 18-3, 18-0; 
equiv., 566, 553. C;H,,N,2C,H,O;N, requires C, 37-6; H, 3-15; N, 18:1%; equiv., 543. 
C;3H,,N,C,H,;O,N, requires C, 42-2; H, 4:2; N, 17-9%; equiv., 314). This compound is 
probably identical with that reported ** as the picrate, m. p. 88-5—89-5°, for which only a 
nitrogen analysis (N, 17-84%) was given. 

(b) 2: 5-Dimethylpyrrolidine. The mixture of A}- and A%-pyrrolines from the reduction of 
2: 5-dimethylpyrrole with zinc and hydrochloric acid was catalytically hydrogenated over 
platinum oxide to give 2: 5-dimethylpyrrolidine, b. p. 101—109°, whose picrate formed yellow 
needles, m. p. 120°. Evans * records m. p. 120—121° for the picrate of the cis-isomer. 

(c) 2: 2-Dimethylpyrrolidine. (i) 5: 5-Dimethyl-A!-pyrroline (3 g.) was heated under reflux 
in 6N-hydrochloric acid (40 ml.) with granulated tin (15 g.) for 5 hr. The solution was then 
made strongly alkaline with aqueous potassium hydroxide and steam-distilled. Ether- 
extraction of the distillate followed by fractionation of the dried extract gave 2: 2-dimethyl- 
pyrrolidine (0-87 g., 29%), b. p. 102—105°. The picrate *® formed yellow needles, m. p. 189 
after recrystallisation from ethanol. 

(ii) To a stirred slurry of lithium aluminium hydride (2 g.) in dry ether (25 ml.) at 0° a 
solution of 5: 5-dimethyl-A!-pyrroline (3 g.) in dry ether (25 ml.) was slowly added. The 
mixture was stirred for 30 min. and then heated under reflux for 3 hr. Excess of hydride was 
decomposed with saturated aqueous potassium carbonate, and the ether layer separated, 
washed, dried, and fractionated to give 1-85 g. (60%) of 2: 2-dimethylpyrrolidine, b. p. 103- 
106°; the picrate had m. p. 188—189° undepressed on admixture with the specimen prepared 
as under (i) above. 

(d) 2:2: 3-Tvimethylpyrrolidine. 4:5: 5-Trimethyl-A!-pyrrolige was similarly reduced 
with tin and hydrochloric acid to 2: 2: 3-trimethylpyrrolidine (65%), b. p. 128—132°. The 
picrate, yellow needles from ethanol, had m. p. 221° (Found: C, 45-8; H, 5-1; N, 16-5. 
C,3H,s0,N, requires C, 45-6; H, 5-3; N, 16-4%). 

(e) 2:4:4-Trimethylpyrrolidine. (i) Reduction of 2 : 4: 4-trimethyl-A!-pyrroline by lithium 
aluminium hydride gave 2:4: 4-tvimethylpyrrolidine, b. p. 120—124°, in 50% yield. The 
picrate formed yellow prisms, m. p. 162—163°, from ethanol (Found: C, 45-6; H, 5-1; N, 16-6. 
C,3H,,0,N, requires C, 45-6; H, 5-3; N, 16-4%). 

(ii) Reduction of 2:4: 4-trimethyl-A!-pyrroline by tin and hydrochloric acid was slow. 
After 5 hr., gas chromatography indicated 60% conversion into the pyrrolidine and even after 
18 hr. 10% of the pyrroline appeared unreduced. 

Dehydrogenation of Pyrrolidines to A}-Pyrrolines (cf. ref. 14).—The pyrrolidine (2—5 g.) and 
mercuric acetate (4 mol.) were heated under reflux in 10% aqueous acetic acid (100 ml.) for 
20 hr. Mercurous acetate (sometimes accompanied by free mercury) slowly separated. After 
removal of the precipitate the filtrate was treated with hydrogen sulphide, again filtered, and 
excess of hydrogen sulphide removed under reduced pressure. The bases were extracted in the 
usual way, and a portion of the dried extract examined by gas chromatography (see below). 
Addition of a moist ethereal solution of picric acid to the bulk of the dried extract gave the 


34 Kloetzel, 7. Amer. Chem. Soc., 1947, 69, 2270. 

5 Miller, Ber., 1883, 16, 1618. 

36 Cf. Karrer and Erhardt, Helv. Chim. Acta, 1951, 34, 2209. 

37 Fenner and Tafel, Ber., 1898, 31, 906. 

38 Terentiev and Votadina, Doklady Akad. Nauk S.S.S.R., 1953, 88, 845. 
3® Cf. Buckley and Elliott, J., 1947, 1508. 
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pytroline picrate, the pyrrolidine salts usually remaining in solution. The successful 
dehydrogenations are summarised in the Table. 


Dehydrogenation of cyclic secondary amines. 
A!-Pyrroline 


Picrate, Yield Picrate, Infrared band of 
Pyrrolidine m. p. (%) pk,° m. p. C=NH?* (cm.-) 
GEE ccccccsccsccsccescnceses 89° ¢ 25 77 121° 1679 
RR eer 121 30 8-0 135 1673 
ate 4-Trimethyl sanbecbeennh 162 47 7-6 195 1684 


« (1:1) Picrate—picric acid complex. * Apparent pH recorded at 20° by a Pye glass electrode 
and meter for a 30% aqueous ethanol solution at the half-neutralisation point. The meter was 
standardised with aqueous buffer at pH 7. 


Although a copious precipitate of mercurous acetate was formed, no low-boiling product was 
isolable when pyrrolidine itself was investigated. The reaction did not appear to proceed 
easily with 2: 2-di- or 2:2: 3-tri-methylpyrrolidine, little or no mercurous acetate being 
precipitated. 

Attempted Addition of Various Nucleophilic Reagents to A'-Pyrrolines.—{a) Nitroalkanes. No 
product was isolated from the interaction of 5 : 5-dimethyl-A!-pyrroline with (i) nitroethane in 
the presence of sodium methoxide or (ii) nitromethane in the presence of the ion-exchange resin 
Dowex-2 (hydroxide form). 

(b) Ethylmagnesium bromide. (i) To a stirred ethereal solution of ethylmagnesium bromide 
(from 7 g. of ethyl bromide) 5 : 5-dimethyl-A!-pyrroline (4 g.) in dry ether (20 ml.) was added. 
The mixture rapidly became viscous; after being heated under reflux for 14 hr. the solution was 
cooled and 6Nn-hydrochloric acid (30 ml.) added. Two hours later the mixture was made 
alkaline with potassium hydroxide and extracted with ether. Fractionation of the extract 
furnished a viscous liquid (0-9 g.), b. p. 90°/0-5 mm., showing two basic groups, pKa, 5-4, 
pXK,, 9-9 on electrometric titration. Further attempts at purification met with no success. 

(ii) From an attempt to add ethylmagnesium bromide to 2: 4: 4-trimethyl-A!-pyrroline 
40%, of the starting material was recovered and only a trace of high-boiling material was formed. 

Addition of Hydrogen Cyanide to A}-Pyrrolines.—(i) 5-Cyano-2 : 2-dimethylpyrrolidine. Toa 
stirred solution of potassium cyanide (4-5 g.) and 5: 5-dimethyl-A!-pyrroline (5 g.) in water 
(20 ml.) at 0° 2n-hydrochloric acid (50 ml.) was added during 2 hr. The mixture (which had 
pH 6) was left at room temperature overnight, then made alkaline with potassium hydroxide 
and extracted with ether. Fractionation of the dried extract gave 5-cyano-2 : 2-dimethyl- 
pyrrolidine (2-84 g., 44%), b. p. 164—166° (Found: C, 67-5; H, 10-0; N, 22-5. C,H,.N, 
requires C, 67-7; H, 9-7; N, 22-6%). The infrared spectrum (liquid film) showed peaks at 
3310, 2245, 1385, and 1368 cm.*1. 

Reduction of the nitrile in ether by lithium aluminium hydride gave 5-aminomethyl-2 : 2- 
dimethylpyrrolidine isolated as the dipicrate, yellow needles, m. p. 225° (decomp.) after 
recrystallisation from ethanol (Found: C, 39-0; H, 4-05; N, 19-3. C,,H,.0,,N, requires C, 
38-9; H, 3-8; N, 19-1%). 

(ii) 5-Cyano-2 : 2: 3-trimethylpyrrolidine. Addition of hydrogen cyanide to 4:5: 5-tri- 
methyl-A!-pyrroline furnished 5-cyano-2 : 2: 3-trimethylpyrrolidine (48%), b. p. 178—180°, 
presumably as a mixture of diastereoisomers (Found: C, 69-5; H, 10-8; N, 19-4. C,H,,N, 
requires C, 69-5; H, 10-2; N, 203%). The infrared spectrum (liquid film) showed max. at 
3320 and 2240 cm.!. Reduction of this nitrile with lithium aluminium hydride yielded 
5-aminomethyl-2 : 2 : 3-trimethylpyrrolidine (42%), b. p. 192—196°, pK,, 68, pK,, 10-5 
(cf. ref. 31); the diperchlorate formed prisms, m. p. 250—254° (decomp.) after recrystallisation 
from ethanol-ether (Found: C, 28-1; H, 6-0; N, 8-0. C,H,,O,N,Cl, requires C, 28-0; H, 5-9; 
N, 8-2%). The dipicrate could not be recrystallised to constant m. p. 

(iii) Attempted addition of hydrogen cyanide to 2: 4: 4-trimethyl-A!-pyrroline led only to 
a 63% recovery of the starting material. 

Preparation of Prolines.—(a) 5: 5-Dimethylproline. 5-Cyano-2 : 2-dimethylpyrrolidine (0-95 
g.) in 6N-hydrochloric acid (20 ml.) was heated under reflux for 6 hr. Evaporation to dryness 
under reduced pressure gave a residue which was dissolved in water (10 ml.) and percolated 
through a column (10 cm. x 1-5 cm.*) of Dowex-1 resin (acetate form). The residue obtained 
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on evaporation of the eluate was dried in vacuo at 90° for 2 hr., and then recrystallised from 
ethanol-ether (charcoal) to give 5: 5-dimethylproline (0-81 g., 74%) as needles, m. p. 190— 
195°, raised to 194—196° on further recrystallisation (Found: C, 58-5; H, 9-4; N, 9-8. 
C,H,,;0,N requires C, 58-7; H, 9-15; N, 9-8%). The infrared spectrum (mull) of the freshly 
dried material showed maxima at 3420, 3100, 2725, 1620, and 1580 cm.!; on exposure of the 
material to the atmosphere for 30 min. the maxima moved to 3440, 3360, 3245, 3135, 2725, 2420, 
1684, and 1609 cm... In paper chromatography, butan-l-ol-acetic acid—water (4:1: 5, 
upper phase) gave Ry 0-52; phenol saturated with water (hydrogen cyanide atmosphere) 
gave Ry 0-87. The amino-acid gave no colour on paper when sprayed with isatin; with 
ninhydrin a purple-brown colour slowly developed during 30 min. at 90°. In alkaline solution, 
5 : 5-dimethylproline gave a blue colour with acetaldehyde and sodium nitroprusside.“ 

(b) 4:5: 5-Trimethylproline. Hydrolysis of 5-cyano-2: 2: 3-trimethylpyrrolidine yielded 
4:5: 5-trimethylproline (mixture of diastereoisomers?) as rosettes, m. p. 226—228° (from 
ethanol-ether) (Found: C, 60-8; H, 10-1; N, 8-75. C,H,,O,N requires C, 61-1; H, 9-6; N, 
8-9%). The infrared spectrum had maxima at 3400, 2710, 2465, and 1620 cm.'. On paper 
chromatography, the Ry value in the butanol system (above) was 0-61; in the phenol system 
(above) 0-86. Colour reactions with various reagents were similar to those of 5: 5-di- 
methylproline. 

(c) Proline. 2n-Hydrochloric acid (25 ml.) was slowly added at 0° to a stirred mixture of 
4-amino-1 : 1-diethoxybutane *! (3 g.) and potassium cyanide (1-8 g.) in water (15 ml.). The 
final pH was 2. The mixture was left at room temperature overnight and then a 
further addition of 2N-hydrochloric acid (10 ml:) was made and the solution warmed to 50° 
for 20 min. After cooling, the solution was made alkaline with potassium hydroxide solution 
and extracted with ether. Fractionation of the dried extract gave crude 2-cyanopyrrolidine 
(0-55 g., 29%), b. p. 168—172°. The infrared spectrum (liquid film) had maxima at 3340 and 
2250 cm.; electrometric titration ‘gave an equivalent of 104 (theory, 96). The nitrile was 
hydrolysed in the usual way to yield proline (69%) as needles, m. p. 208—210° (from ethanol) 
(Found: C, 52:3; H, 8-0; N, 12:05. Calc. for CHH,O,N: C, 52-2; H, 7-9; N, 12:2%). The 
infrared spectrum of the dry material showed maxima at 3170, 2715, 2402, and 1613 cm.?: 
after 2 hr. in moist air the maxima appeared at 3500, 3350, 3180, 2710, 2402, 1645, 1609, and 
1589 cm.!. Identical values were observed on using an authentic sample of proline. Paper 
chromatography in the butanol system (above) gave Ry 0-35; and in the phenol system (above) 
Ry 0-83. 

Gas Chromatography of Pyrrolidines and A‘-Pyrrolines.—Chromatograms were obtained by 
using a Perkin-Elmer vapour fractometer (Model 154), the column (200 cm. x 0-12 cm.?) being 
packed with polyethylene glycol (average mol. wt. 400) (1 part) on Silocell (60—70 mesh) 
(5 parts). 

Samples (ca. 0-01 ml. of liquid) were applied with nitrogen as the carrier gas at an excess 
pressure of 12-2 Ib./sq. in. At 97°, the uncorrected retention volumes (ml.) were: pyrrolidine, 
36; 2-methylpyrrolidine, 34; 2-methyl-A!-pyrroline, 55; 2: 5-dimethylpyrrolidine, 32; 2: 5- 
dimethyl-A!-pyrroline, 60; 2:4: 4-trimethylpyrrolidine, 38; 2:4: 4-trimethyl-A!-pyrroline, 
66; 5: 5-dimethylpyrrolidine, 32; 5: 5-dimethyl-A!-pyrroline, 34; 2:2: 3-trimethylpyr- 
rolidine, 55; 4:5: 5-trimethyl-A!-pyrroline, 60; ether, 4; acetone, 8-5; benzene, 15; methanol, 
17; ethanol, 17; water, 45. 





We are grateful to Dr. J. H. Purnell for advice on gas chromatography, to the Salters’ 
Company for the award of a Fellowship (to R. B.), and to the Swiss “ Stiftung fiir Stipendien 
auf dem Gebiete der Chemie ”’ for a grant (to A. G.). 

UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, January 20th, 1959.) 


‘© Cf. Feigl, ‘‘ Spot Tests. II. Organic Applications,” Elsevier, Amsterdam, 1954, p. 189. 
41 Org. Synth., 1931, 11, 26; Manske, Canad. J. Res., 1931, 5, 592. 
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423. Experiments towards the Synthesis of Corrins. Part I1.* 
The Preparation and Reactions of A1-Pyrroline 1-Oxides. 


By R. Bonnett, R. F. C. Brown, V. M. Crark, I. O. SUTHERLAND, 
and Str ALEXANDER TODD. 


The reduction of y-nitro-carbonyl compounds to give A!-pyrroline l-oxides 
is described and the reactions of several such N-oxides are reported. 


THE corrin nucleus, parent of the macrocyclic component of the vitamin B,, molecule, is 
at an oxidation level between that of the pyrroles and the A?-pyrrolines and, in our syn- 
thetical studies in this field, it became apparent that the A!-pyrroline l-oxides might offer 
a flexibility in synthesis somewhat greater than the parent Schiff bases. 

The A?-pyrroline 1-oxides (I) are cyclic nitrones } derivable by oxidation of hydroxyl- 
amines? (II) or by cyclisation of a y-hydroxyamino-carbonyl compound (III). As 


R* R‘ R* RS 
R° on oF R? R® 
R2 _ — @ . << R2 , = R2 . 
R° A tar A CO-R co-R 
ey wy ye RY NO: 
OH o~ OH 


(II) (1) (III) (IV) 


y-nitro-aldehydes and ketones (IV) are readily available the generation of A}-pyrroline 
l-oxides depends upon the reduction of the nitro- to the hydroxyamino-group. Kohler 
and Drake in their early work * upon the catalytic hydrogenation of 3-(3 : 4-methylene- 
dioxypheny])-4-nitro-1-phenylbutan-l-one (V) obtained an oxygenated product to which 
they assigned the hydroxylated pyrroline structure (VI). Recently, Kloetzel and Pinkus ¢ 
have repeated this work and, using zinc dust and aqueous ammonium chloride, have 


ArHC——CH, Ar Ar Ar 
H.C. COPh | Ph Z Ph +3Ph 
NO, N N " 
OH 12) 
(V) (VI) (VID) (VIII) 


Ar = 3: 4-methylenedioxypheny! 


obtained the pyrroline (VII), but no trace of (VI). In our hands, the zinc dust method 
has given Kohler and Drake’s oxygenated product, to which we now assign the A!-pyrroline 
l-oxide formulation (VIII). 

The use of zinc dust in cold aqueous ammonium chloride has proved of general utility 
in the reduction of y-nitro-carbonyl compounds to the A!-pyrroline l-oxides though, on 
occasion, the carbonyl function has to be protected as an acetal. Thus, reduction of 4: 4- 
dimethyl-5-nitropentan-2-one > (IV; R! = R? = H, R? = R* = R® = Me) gave 2:4: 4- 
trimethyl-A-pyrroline l-oxide (I; R! = R®? = H, R? = R* = R® = Me) in 75% yield, 
and 3: 4-dimethyl-4-nitropentanal gave 51% of the 4:5: 5-trimethylpyrroline oxide. 
4-Methyl-4-nitropentanal (IV; R? = R* = R5 = H; R! = R? = Me), however, gave only 
a low yield of the pyrroline l-oxide, and the required 5 : 5-dimethyl-A!-pyrroline 1l-oxide 
(I; R? = R* = R'= H; R! = R? = Me) was subsequently obtained by reduction of the 
nitro-aldehyde diethyl acetal to the corresponding hydroxylamine followed by hydrolysis 

* Part I, preceding paper. 

1 Smith, Chem. Rev., 1938, 23, 193. 

* Cf. Rupe and Wittwer, Helv. Chim. Acta, 1922, §, 217; Utzinger, Annalen, 1944, 556, 50; Thesing, 
Chem. Ber., 1954, 87, 507. 

* Kohler and Drake, J]. Amer. Chem. Soc., 1923, 45, 2144. 

* Kloetzel and Pinkus, ibid., 1958, 80, 2332. 

> Kloetzel, ibid., 1947, 69, 2271. 
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of the protecting acetal group. 5-Ethoxycarbonyl-5-methyl-A!-pyrroline l-oxide was 
prepared from the ethylene acetal of 4-ethoxycarbonyl-4-nitropentanal by a similar method. 

The N-oxides were extremely hygroscopic oils whose satisfactory analysis proved 
difficult but, being weakly basic, they were readily characterised as picrates. Each 
showed a single ultraviolet absorption maximum, at 229—235 my (¢ ~9000), attributable 
to the >C=*N-O~ chromophore. This group exhibited strong infrared absorption, the 


frequency ranging from 1600 to 1620 cm. for those compounds bearing a 2-alkyl sub- 
stituent and from 1570 to 1590 cm."! when no such substituent was present (7.e.,1; R® = H). 

These A!-pyrroline l-oxides are the first monomeric non-aromatic nitrones to be 
reported,® their formation being closely parallel to that of the amino-A!-pyrroline 1-oxide 
(I; R! = R? = Me, R® = R* = H, R® = NH,) resulting from the reduction of 3-methyl- 
3-nitrobutyl cyanide.’ The aliphatic and alicyclic nitrones so far reported have generally 
been obtained as dimers; thus, oxidation of 1-hydroxypiperidine does not give the expected 
cyclic nitrone but a product to which the dimeric structure (IX) has been assigned. In 
other cases aldol-type dimers are formed; acetone and phenylhydroxylamine give the dimer 
(X),° and the condensation product of m-butyraldehyde and phenylhydroxylamine has 
been reported 1 to be of the same type. The condensation product of formaldehyde and 
phenylhydroxylamine dimerises in yet another manner ™ which will be considered in a 


subsequent paper. 
a , 
“N Me,C—CH,—C—Me 
r 
N, oN, J 4 
(IX) O Ph” OH Ph O- (X) 


The ease of preparation of the A1:pyrroline 1-oxides and their relative stability has 
afforded an opportunity to examine their reactions in some detail. The analogy between 
the atts tall group and the carbonyl group is striking and well known in the aryl- 


substituted nitrones where addition of nucleophilic reagents, e.g., phenylhydrazine or 
semicarbazide, has often led to a derivative of the parent carbonyl compound with loss of 
the hydroxyamino-residue.!* With the A!-pyrroline l-oxides addition of cyanide ion, 
a Grignard reagent, or the anion of a nitroalkane proceeds smoothly; moreover, activation 
of an a-methyl group (e.g., in the condensation with an aldehyde under basic conditions) 
is readily observed. Reactions depending on the back-polarisation of the system 
SC= N-O- «> le a will be discussed in a later paper. 

A}-Pyrroline 1-oxides (I) were readily reduced to the cyclic secondary hydroxylamines 
(II) by aqueous potassium borohydride. These hydroxylamines, on treatment with 
toluene-p-sulphony] chloride and triethylamine in ether, afforded A1-pyrrolines in moderate 
yield (30—40°%), presumably through the elimination of toluene-p-sulphonic acid from an 
intermediate O-toluene-p-sulphonyl compound in a manner analogous to that by which 
Schépf obtained A1-piperideine derivatives from 1-chloropiperidine.4* In the examples 
studied the direction of elimination followed the Saytzeff rule. Reduction of (I; 
R! = R? = H; R* = R* = R® = Me) by zinc and acetic acid gave the pyrroline, but tin 
and hydrochloric acid brought about further reduction to the pyrrolidine. Treating a 
A}-pyrroline 1-oxide with a solution of sulphur dioxide in chloroform also gave a small 
yield of the pyrroline. 

* Brown, Clark, and Todd, Proc. Chem. Soc., 1957, 97. 

7 Buckley and Elliott, J., 1947, 1508. 

8 Thesing and Mayer, Chem. Ber., 1956, 89, 2159. 

* Banfield and Kenyon, /., 1926, 1612, 

10 Utzinger and Regenass, Helv. Chim, Acta, 1954, 37, 1892. 

11 Bamberger, Ber., 1900, 33, 941; Hellmann and Teichmann, Chem. Ber., 1956, 89, 1134. 
ae Staudinger and Miescher, Helv. Chim. Acta, 1919, 2, 554; Kréhnke and Borner, Ber., 1936, 69, 
a Schépf, Komak, Braun, and Jacobi, Annalen, 1948, 559, 1. 








2096 Bonnett, Brown, Clark, Sutherland, and Todd: 


Addition of Grignard reagents to nitrones proceeds smoothly with the dimeric 
tetrahy dropy ridine l-oxide (IX), and the A!-pyrroline l-oxides (I; R! = R? =H, 
R? = R* = R5 = Me; and R! = R? = Me, R = R* = R® = H) behaved similarly, giving the 
2-alkyl cyclic hydroxylamines in high yield. Copper-catalysed aerial oxidation in alkaline 
solution ™ converted these 1-hydroxypyrrolidines into A!-pyrroline l-oxides once again. 
Re-oxidation, under these conditions, of the cyclic hydroxylamine (II; R! = R? = H, 
R? = R* = R5 = Me) gave the pyrroline oxide (I; R! = R? = H, R* = R* = R® = Me), 
i.e., the product with the more highly substituted nitrone grouping was formed. 

Those A?-pyrroline l-oxides unsubstituted at position 2, 7.e., where R® = H, with 
hydrogen cyanide in aqueous solution gave 2-cyano-l-hydroxypyrrolidines, analogous to 
cyanohydrins. The cyano-hydroxypyrrolidines (II; R!= R*?= Me, R*= R4‘=H, 
R'— CN; and R! = R?= R?= Me, R4‘=H, R§= CN) underwent copper-catalysed 
aerial oxidation in alkaline solution to the 2-cyano-A!-pyrroline l-oxides which, on alkaline 
hydrolysis, gave the expected 2-carboxylic acids together with the cyclic hydroxamic 
acids (XI). The latter presumably arise through replacement of cyanide by hydroxyl as 
in the alkaline hydrolysis of acyl cyanides. The structure of the cyclic hydroxamic acid 
(XI; R! = R? = Me, R* = H) was confirmed by its synthesis from methyl 4-methyl-4- 
nitropentanoate by reduction with zinc in ammonium chloride solution. 


R’ R? 
R! N O R! x7 CO>H HO,C N7 
OH om o~ 
(XI) (XII) (XIII) 


The 2-carboxy-A}-pyrroline l-oxides (XII; R! = R? = Me, R® = H; and R! = R? = 
R® = Me) were decarboxylated above 140° to the pyrroline oxides; the 5-carboxylic acid 
(XIII) decomposed at the same temperature but gave no identifiable product. 

Base-catalysed addition of nitroalkanes to a carbonyl group yields {$-nitro-alcohols: 
as expected, addition of nitromethane and nitroethane to a A!-pyrroline l-oxide gave the 
8-nitro-hydroxylamines. However, the pyrroline ¥ wae es can yield carbanions 
in the presence of bases (cf. ref. 10), and the oxide (I; R! = R*? = H, R3 — R# = R5 — 
Me) underwent base-catalysed condensation with Racciamibe de and #-nitrobenzaldehyde 
to give crystalline monobenzylidene derivatives. Of the possible structures (XIV) and 
(XV), formulation (XIV) is preferred since the infrared spectrum of the benzylidene 


Me Me 


Me Me CH-C,H,R 
+z CH=CH-C,H,R +Me 
N N 


(XIV) O7 O- (XV) 


derivative (R = H) showed a strong band at 977 cm." indicative of a trans-disubstituted 
ethylene rather than a trisubstituted ethylene.1* Furthermore, A}-pyrroline 1l-oxides 
having no 2-methyl group failed to condense with p-nitrobenzaldehyde under the same con- 
ditions; and so did the ethyl analogue (I; R! = R? = Me, R? = R4 = H, R5 = Et). 

Although nitrones give addition products with phenyl isocyanate 17 and are weakly 
basic, attempted acylation of the A!-pyrroline l-oxides leads to rearrangement. Benzoyl- 
ation of the oxide (I; R' = R? = H, R? = R* = R® = Me) under Schotten—Baumann 
conditions gave a crystalline product, C,,H,,0,N, containing two benzoyl residues and a 

4 Angeli, Alessandri, and Aiazzi-Mancini, Atti R. Accad. Lincei, 1911, 20, i, 546. 

#8 Johnson, Rogers, and Trappe, J., 1956, 1093. 


#* Bellamy, ‘‘ The Infrared Spectra of Complex Molecules,’’ Methuen, London, Second Edition, 1958, 
p. 45. 


17 Goldschmidt and Kjellin, Ber., 1891, 24, 2808. 
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carbonyl group which readily gave rise to a 2 : 4-dinitrophenylhydrazone. The presence 
of strong bands at 3360, 1637, and 1547 cm. in the infrared spectrum showed that one 
benzoyl group was present in a secondary amide, and a strong band at 1718 cm.* could be 
assigned to the carbonyl group of a benzoate or an aliphatic carbonyl group or both. On 
this evidence we assign structure (XVII) to the compound. Its formation involves an 


Me 


Me Me 
ia — — 
+ZMe —> Z-CH, -—- CO-CH) 
N N | NH x 
Oo ‘@) 1) Oo 


' 
Ph-CO CO-Ph 


ye *c7 
' ! 
Ph (XVI) Ph (XVII) 


acyl migration formally analogous to that in the formation of 2-benzoyloxymethylquinoline 
on benzoylation of quinaldine N-oxide.* In the present case the rearrangement probably 
proceeds through a cyclic transition state to give the intermediate pyrroline (XVI) which 
then undergoes ring-fission and benzoylation. 


EXPERIMENTAL 

2:4:4-Trimethyl-A!-pyrroline 1-Oxide.—4 : 4-Dimethyl-5-nitropentan-2-one* (33-0 g.) 
and ammonium chloride (9 g.) in water (250 ml.) were stirred vigorously with ice-cooling whilst 
zinc dust (45 g.) was added during 2hr. Stirring was continued for a further 2 hr., the mixture 
filtered, and the filter cake washed with warm water (4 x 50 ml.). The filtrate and washings 
were combined and evaporated below 60° to a thick syrup which was dissolved in chloroform 
(75 ml.). This solution was dried (Na,SO,) and evaporated and the residue distilled to give 
2:4: 4-trimethyl-A'-pyrroline 1-oxide (198 g., 75%) as a colourless hygroscopic oil, b. p. 
72°/0-4 mm. (Found: C, 64:8; H, 10-6. C,;H,,ON requires C, 66-1; H, 10-3%), vmax. (liquid 
film) 1613 cm.“}, Amax (in 95% ethanol) 229 my (e 9000). The picrate formed lemon-yellow 
needles, m. p. 111°, from ethanol (Found: C, 44-0; H, 4:5; N, 15-3. C,3H,,O,N, requires 
C, 43-8; H, 4-5; N, 15-7%). Dissolution of the nitrone in excess of methyl iodide gave, over- 
night, the methiodide as off-white, light-sensitive prisms, having m. p. 106° (decomp.) on re- 
crystallisation from ethanol-ether (Found: C, 35-6; H, 5-8; N, 5:2. C,H,,ONI requires 
C, 35:7; H, 6-0; N, 5-2%). 

4:5: 5-Trimethyl-A!-pyrroline 1-Oxide—Freshly distilled crotonaldehyde (17-5 g.) in 
anhydrous methanol (25 ml.) was added dropwise to a solution of 2-nitropropane (25 g.) in 
anhydrous methanol (40 ml.) containing sodium methoxide (from 1 g. of sodium), the temper- 
ature being kept at 60°. After being stirred for 3 hr. the solution was left overnight. Acetic 
acid (3 ml.) was added, the methanol evaporated, and the residue poured into water. The 
product was extracted with ether, the extract washed with sodium hydrogen carbonate solution, 
dried (Na,SO,), and evaporated, and the residue distilled, yielding 3 : 4-dimethyl-4-nitropentanal 
(20-4 g., 51%), b. p. 80°/0-5 mm. (Found: C, 53-2; H, 8-2; N, 8-4. C,H,,;0,N requires C, 52-8; 
H, 8-2; N, 88%). Its semicarbazone formed leaflets, m. p. 150—151°, from aqueous ethanol 
(Found: C, 44-7; H, 7-3. C,H,,0,N, requires C, 44-4; H, 7-5%). 

Reduction of this pentanal (60 g.) with zinc dust (74 g.) and ammonium chloride (15 g.) in 
water (400 ml.) gave 4: 5: 5-trimethyl-A!-pyrroline l-oxide (24-3 g., 51%), b. p. 85°/1 mm., 
Amax. 234 my (¢ 8800) in 95% ethanol, vpqx. (liquid film) 1572 cm.1. The picrate formed lemon- 
yellow laths, m. p. 112°, from ethanol (Found: C, 44-1; H, 4:7; N, 15-4. C,3H,,O,N, requires 
C, 43-8; H, 4-5; N, 157%). 

5 : 5-Dimethyl-A1-pyrroline 1-Oxide.—2-(3-Methyl-3-nitrobutyl)-1 : 3-dioxolan ™ (50 g.) and 
ammonium chloride (15 g.) in water (300 ml.) at 10° were rapidly stirred whilst zinc dust (70 g.) 
was added during 20 min., ice being introduced to keep the temperature below 15°. The 
mixture was stirred for 15 min., then filtered, and the filter cake washed with hot water (70°) 
(5 x 35 ml.). The combined filtrate and washings were acidified with concentrated hydro- 
chloric acid (40 ml.), left overnight, and then heated to 75° for 1 hr. before being evaporated at 

+ 60° to 150 ml., made alkaline, and reduced in bulk to 100 ml. After saturation with borax 


18 Pachter, J. Amer. Chem. Soc., 1953, 75, 3026. 
19 Bonnett, Clark, Giddey, and Todd, preceding paper. 
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the solution was extracted with chloroform (6 x 75 ml.), and the extract dried (Na,SO,) and 
fractionated to yield 5: 5-dimethyl-A!-pyrroline l-oxide (23-6 g., 79%), b. p. 66—67°/0-6 mm., 
hygroscopic, Amax, 234 my (e 7700) in 95% ethanol, vmax, (liquid film) 1573 cm.7. The picrate 
crystallised from ethanol in yellow needles, m. p. 81° (Found: C, 41-7; H, 4:2; N, 16-1%; 
equiv. of base, 115. C,,H,sO,N, requires C, 42-1; H, 4-1; N, 16-4°%; equiv. of base, 113). 
Reduction of 4-methyl-4-nitropentanal with zinc dust and ammonium chloride gave the 
pyrroline 1-oxide (27°) and a high-boiling residue. 

4-(3 : 4- Methylenedioxyphenyl) -2-phenyl-A‘-pyrroline 1-Oxide.—3-(3 : 4-Methylenedioxy- 
pheny])-4-nitro-1-phenylbutan-1l-one * (V) (3-13 g.) and ammonium chloride (0-50 g.) in 1:3 v/v 
aqueous tetrahydrofuran (40 ml.) were stirred vigorously whilst zinc dust (3-9 g., 6 g.-atoms) 
was added during 1 hr. at +5—10°. After filtration and washing with hot methanol (50 ml.) 
the combined filtrate and washings were evaporated to a gum which was distributed between 
5n-hydrochloric acid and ether. The aqueous acid layer was made alkaline and extracted with 
methylene chloride (4 x 10 ml.). Adding ether to the extract afforded 4-(3 : 4-methylene- 
dioxyphenyl)-2-phenyl-A'-pyrroline 1-oxide as needles (1-12 g., 40%), m. p. 145° (corr.) after 
recrystallisation from methylene chloride-ether (Found: C, 73-6; H, 5-4; N, 5-1. C\,;H,;0O,N 
requires C, 72-6; H, 5-4; N, 5-0°%), vmax, (mull) 1613 cm. (aryl-conjugated nitrone). 

Reduction of the pyrroline 1-oxide (300 mg.) with zinc dust (1-2 g.) and ammonium chloride 
(0-3 g.) in 60°, aqueous methanol (30 ml.) at room temperature for 8 hr. gave 4-(3: 4- 
methylenedioxypheny])-2-phenyl-A!-pyrroline,* isolated as the hydrochloride (200 mg., 62%), 
m. p. 235—240° (decomp.). The >C=*N- group in this product provided an infrared maximum 
at 1660cm.! | 

Ethyl 2-Methyl-2-nitro-5-oxopentanoate.—Acraldehyde (14 ml.) was added to a stirred 
solution of ethyl «-nitropropionate *° (36 g.) in ethanol (200 ml.) containing sodium ethoxide 
(from 0-3 g. of sodium), and the mixture maintained at 40—50° for 3 hr. Acetic acid (1 ml.) 
was added, the solvent evaporated, and the product isolated by extraction with benzene. 
Distillation gave the aldehydo-ester (31-5 g., 65%), b. p. 107°/0-5 mm. (Found: C, 47-2; H, 6-5; 
N, 7-2. C,H,,0;N requires C, 47-3; H, 6-5; N, 69%). The 2: 4-dinitrophenylhydrazone 
formed orange needles, m. p. 75—76°, from ethanol (Found: C, 43-7; H, 4:5; N, 18-3. 
C,,H,;O,N, requires C, 43-9; H, 4:5; N, 183%). The 1: 3-dioxolan was prepared in 78% 
yield from the nitro-aldehyde and ethylene glycol in the presence of toluene-p-sulphonic acid. 
Fractionation gave an oil, b. p. 121—125°/0-5 mm. (Found: C, 48-6; H, 6-7; N, 5-9. 
C,9H,,;0O,N requires C, 48-6; H, 6-9; N, 5-7%). 

5-Carboxy-5-methyl-A1-pyrroline 1-Oxide-—The above dioxolan (28-5 g.) was reduced with 
zinc dust (41-5 g.) in 50% aqueous ethanol (200 ml.) containing ammonium chloride (5-5 g.). 
After removal of the excess of zinc and zinc oxide, the solution was concentrated to 50 ml. and 
extracted with chloroform (4 x 50 ml.). Evaporation of the dried (Na,SO,) chloroform 
solution gave the crude hydroxylamine (26 g.); molecular distillation (140—155°/0-3 mm.) of 
a small sample gave a viscous oil (Found: C, 51-2; H, 8-2; N, 6-0. C,,H,,O;N requires C, 51-5; 
H, 8-2; N, 60%). The hydroxylamine (25-5 g.) was dissolved in 0-3N-hydrochloric acid (400 
ml.) and left overnight at room temperature. After neutralisation with ammonia the aqueous 
solution was evaporated below 60° and the residue extracted with chloroform. Fractionation 
of the dried (Na,SO,) extract gave 5-ethoxycarbonyl-5-methyl-A'-pyrroline 1-oxide (11-6 g., 60%), 
b. p. 120°/0-3 mm. (Found: C, 53-6; H, 8-2; N, 7-5. Calc. for CsH,,0,N: C, 56-1; H, 7-7; 
N, 82. C,H,,0,N,4H,O requires C, 53-3; H, 7-8; N, 7-8%), vmax. (liquid film) 1740 and 
1585 cm.'. Treatment of the pyrroline l-oxide ester (2-13 g.) with 2-5% aqueous sodium 
hydroxide (20 ml.) at 100° for 1 hr. followed by passage of the solution through a column of 
Dowex 50 (H* form) and evaporation of the acidic eluate gave 5-carboxy-5-methyl-A'-pyrroline 
l-oxide (1-37 g., 77%) as needles, m. p. 1835—136° (decomp.) (from chloroform) (Found: C, 50-4; 
H, 6-5; N, 10-0%; equiv., 141. C,H,O,N requires C, 50-3; H, 6-3; N, 9-8%; equiv., 143). 
Titration in aqueous solution indicated an apparent pK, 2-95. Amax in 95% ethanol was at 
235—236 mu (e 7700). 

Reduction of A‘-Pyrroline 1-Oxides with Potassium Borohydride.—(i) 1-Hydroxy-2: 4: 4- 
trimethylpyrrolidine. Potassium borohydride (0-4 g.) and 2:4: 4-trimethyl-A!-pyrroline 1- 
oxide (2-5 g.) in water (10 ml.) were kept at room temperature for 2 days, then saturated with 
potassium carbonate, and the product was extracted with ether. The dried (K,CO,) extract 
was evaporated and the residue fractionated to give the crude hydroxylamine (0-86 g.), b. p. 


20 Kornblum, Blackwood, and Powers, J. Amer. Chem. Soc., 1957, 79, 2507. 
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95—100°/25 mm. Addition of anhydrous oxalic acid in acetone gave the hydrogen oxalate, 
needles, m. p. 88° (from acetone-ether) (Found: C, 49-2; H, 7-5; N, 6-5. C,H,,O;N requires 
C, 49-3; H, 7-8; N, 6-4°%%). Both the free base and the salt readily reduced aqueous alkaline 
triphenyltetrazolium chloride to the red formazan.*4 

The base (0-5 g.) in water (10 ml.) containing ammonia (1 ml.; d 0-880) and copper sulphate 
(5 mg.) was re-oxidised to the pyrroline l-oxide by bubbling air through the solution for 2 hr. 
The nitrone, isolated as previously described, was treated with an excess of ethanolic picric acid 
to yield the picrate of 2:4: 4-trimethyl-A!-pyrroline l-oxide as lemon-yellow needles, m. p. 
and mixed m. p. 111°. 

(ii) 1-Hydvroxy-2 : 2: 3-trimethylpyrrolidine. Reduction of 4:5: 5-trimethyl-A!-pyrroline 
l-oxide (0-63 g.) with potassium borohydride (0-2 g.) in water (10 ml.) followed by isolation of 
the cyclic hydroxylamine as described above gave the crude base; addition of ethanolic hydrogen 
chloride gave 1-hydroxy-2 : 2: 3-trimethylpyrrolidine hydrochloride as prisms, m. p. 163° (from 

thanol-ether) (Found: C, 50-7; H, 9-6; N, 8-6%; equiv., 169. C;H,,ONCI requires C, 50-8; 
H, 9-7; N, 85%; equiv., 166). Titration in aqueous solution indicated an apparent pK, 5-9. 
The base readily reduced aqueous alkaline triphenyltetrazolium chloride. 

“ Other Reductions of A'-Pyrroline 1-Oxides.—(a) With zinc and acetic acid. 2:4: 4- 
Trimethyl-A!-pyrroline l-oxide (0-5 g.), zinc dust (5 g.), acetic acid (2 ml.), and water 
8 ml.) were heated under reflux for 5 hr. after which more acetic acid (2 ml.) was added and 
heating continued for a further 20 hr. The solution was made alkaline with aqueous sodium 
hydroxide and steam-distilled. Neutralisation of the distillate with picric acid, evaporation 
to dryness below 60°, and recrystallisation of the residue from ethanol gave 2:4: 4- 
trimethyl-A!-pyrrolinium picrate (0-88 g., 66%) as yellow needles, m. p. 192—193°, undepressed 
in admixture with an authentic specimen.?® 

(b) With sulphur dioxide. In 12 hr. at room temperature in chloroform saturated with 
sulphur dioxide, 2 : 4 : 4-trimethyl-A!-pyrroline 1-oxide was reduced to the corresponding pyrrol- 
ine, isolated as its picrate, in 15% yield. 

(c) With tin and hydrochloric acid. 2:4: 4-Trimethyl-A!-pyrroline l-oxide (0-5 g.), granul- 
ated tin (4 g.), concentrated hydrochloric acid (5 ml.), and water (5 ml.) were heated under 
reflux for 20 hr. after which working up as in (a) gave 2: 4: 4-trimethyl-A!-pyrrolinium picrate 
(0-13 g.), needles, m. p. 192° undepressed on admixture with an authentic specimen.’® The 
picrate mother-liquors were treated with charcoal, filtered, and concentrated. On cooling, 
clusters of yellow needles of 2: 4: 4-trimethylpyrrolidinium picrate appeared (0-32 g.), m. p. 
162° undepressed in admixture with an authentic specimen !* (Found: C, 45-8; H, 5-7; N, 16-6. 
Calc. for C,;H,,0,N,: C, 45-6; H, 5-3; N, 16-4%). 

Dehydration of 1-Hydroxypyrrolidines by Toluene-p-sulphonyl Chloride and Triethylamine.— 
(a) 2:4: 4-Trimethyl-A'-pyrroline. 1-Hydroxy-2:4:4-trimethylpyrrolidine (0-63 g.) and 
toluene-p-sulphonyl! chloride (0-92 g., 1 mol.) in anhydrous ether (10 ml.) were treated with 
triethylamine (0-98 g., 2 mols.) in ether (5 ml.) whereupon a white precipitate was formed. 
After being left overnight at room temperature the triethylammonium salts (1-7 g.) were filtered 
off and the filtrate was extracted with dilute hydrochloric acid. The acid extract was made 
alkaline with aqueous sodium hydroxide and saturated with potassium carbonate, and the 
amines were extracted with ether. Gas chromatography (cf. ref. 19) of a sample of this ethereal 
solution indicated that the main product was 2: 4: 4-trimethyl-A?-pyrroline contaminated with 
a little triethylamine. Addition of excess of ethanolic picric acid gave the pyrrolinium picrate 
(0-55 g., 33%) as yellow needles, m. p. and mixed m. p. 192°. 

(b) 4:5: 5-Trimethyl-A}-pyrroline. 1-Hydroxy-2: 2: 3-trimethylpyrrolidine (1-10 g.) and 
toluene-p-sulphonyl! chloride (1-55 g., 1 mol.) in anhydrous ether (15 ml.) were treated with 
triethylamine (1-64 g., 2 mols.) in ether (5 ml.), kept overnight, and worked up as in the pre- 
ceding experiment, to give an ethereal solution of the crude bases. These were transferred to 
water by using dilute sulphuric acid followed by addition of barium carbonate and filtration. The 
aqueous solution (30 ml.) was applied to a column (10 cm. x 3 cm.?) of Amberlite IRC-50 resin 
(ammonium form) and eluted with water (200 ml.). Neutralisation of the eluate with hydro- 
chloric acid, evaporation to dryness, dissolution in aqueous sodium hydroxide, extraction with 
ether, and addition of ethanolic picric acid led to 4:5: 5-trimethyl-A!-pyrrolinium picrate 
(1-08 g., 31%), yellow prisms (from acetone-ether), m. p. and mixed m. p. 172° (cf. ref. 19) 
(Found: C, 45-9; H, 4:7. Calc. for C,,H,,0O,N,: C, 45-9; H, 4:7%). 

21 Cf. Snow, J., 1954, 2588. 








2100 Bonnett, Brown, Clark, Sutherland, and Todd: 


Addition of Hydrogen Cyanide to A}'-Pyrroline 1-Oxides—(a) 5-Cyano-1-hydroxy-2 : 2- 
dimethylpyrrolidine. 2N-Hydrochloric acid (25 ml.) was added during 1} hr. to a stirred solution 
of 5: 5-dimethyl-A!-pyrroline l-oxide (5-0 g.) and potassium cyanide (3-9 g.) in water (20 ml.) 
at 0°. A white solid was precipitated. After a further 2 hr. the mixture was brought to pH 11 
and continuously extracted with ether. Addition of light petroleum (b. p. 40—60°) to the 
extract gave 2-cyano-1-hydroxy-5 : 5-dimethylpyrrolidine (4-8 g., 78%), prisms, m. p. 92° (from 
ether-light petroleum) (Found: C, 60-2; H, 8-9; N, 20-0. C,H,,ON, requires C, 60-0; H, 8-6; 
N, 20-0%), Vmax, (mull) 3230 and 2240 cm.?. 

The above cyano-hydroxylamine (8-1 g.) and copper acetate (1-5 g.) in 60% aqueous ethanol 
(100 ml.) containing ammonia (5 ml.; d 0-880) were aerated until a permanent blue colour was 
restored. Concentration to 30 ml., extraction with chloroform, and fractionation of the extract 
gave 2-cyano-5 : 5-dimethyl-A!-pyrroline 1l-oxide (5-8 g., 73%), b. p. 110°/0-5 mm. (Found: 
C, 60-8; H, 7-5; N, 20-1. C,H, ON, requires C, 60-9; H, 7-3; N, 20°3%), vmax. (liquid film) 
2220 and 1540 cm.*}, Agax. (in 95% ethanol) 271 my (e 10,700). 

(b) 2-Cyano-1-hydroxy-4:5: 5-trimethylpyrrolidine. Treatment of 4:5: 5-trimethyl-A?- 
pyrroline l-oxide with hydrochloric acid and potassium cyanide as above yielded 2-cyano-1- 
hydroxy-4 : 5: 5-trimethylpyrrolidine (66%), needles, m. p. 109° (from ether-light petroleum) 
(Found: C, 62-3; H, 9-3; N, 18-1. C,H,,ON, requires C, 62-3; H, 9-1; N, 18-2%), vmax. (mull) 
3360, 3290, 2270, and 2240 cm.!. Copper-catalysed aerial oxidation gave 2-cyano-4: 5: 5- 
trimethyl-A'-pyrroline 1-oxide (76%) as plates, m. p. 86—87°, from ethyl acetate—light petroleum 
(Found: C, 63-1; H, 7-8; N, 18-3. C,H,,ON, requires C, 63-1; H, 8-0; N, 18°4%), vmax, (mull) 
2210 and 1528 cm.1, Amax (in 95% ethanol) 273 my (ce 11,100). 

(c) 5-Cyano-1-hydroxy-2-methylpyrrolidine-2-carboxylic acid. 5-Carboxy-5-methyl-A?- 
pytroline l-oxide (0-80 g.) and potassium cyanide (0-37 g.) were dissolved in water (10 ml.) and 
left at room temperature for 6 hr. The solution was then passed through a column of Dowex 
50 resin (H* form), and the acidic eluate evaporated. The acid product (0-75 g.) formed needles, 
m. p. 133—134° (decomp.), from ethyl acetate (Found: C, 49-3; H, 5-8; N, 164%; equiv., 
175. C,H,O,N, requires C, 49-4; H, 5-9; N, 165%; equiv., 170). Titration in aqueous 
solution gave an apparent pK, 3-6. The infrared spectrum (muli) showed max. at 3250, 2245, 
and 1698 cm.7}. 

(d) 2:4: 4-Trimethyl-A}-pyrroline l-oxide. This was recovered in 52% yield after attempted 
addition of hydrogen cyanide under the conditions of experiment (a); no cyano-derivative was 
obtained. 

Alkaline Hydrolysis of 2-Cyano-A'-pyrroline 1-Oxides.—(a) 2-Cyano-4 : 5: 5-trimethyl-A}- 
pyrroline l-oxide. The nitrone-cyanide (4-1 g.) in 10% aqueous sodium hydroxide (40 ml.) was 
heated under reflux for 3 hr. and the solution then neutralised and extracted with chloroform. 
Evaporation of the extract gave l-hydroxy-4: 5: 5-trimethylpyrrolid-2-one (1-1 g.), needles, 
m. p. 101—102° (from ether-light petroleum) (Found: C, 59-0; H, 9-2; N, 9-5. C,H,,0.N 
requires C, 58-7; H, 9-2; N, 98%), vmax (mull) 3310, 3120, and 1680cm."!. Titration in aqueous 
solution gave apparent pK, 8-85. With ethanolic ferric chloric a deep reddish-purple colour 
developed. 

The original aqueous solution was adjusted to pH 1 and again extracted with chloroform. 
The extract yielded 2-carboxy-4 : 5: 5-trimethyl-A1-pyrroline 1-oxide (2-4 g.), needles, m. p. 
40—41° (from benzene) (Found: C, 55-9; H, 7-9; N, 8:3%; equiv., 172. C,H,,0O,N requires 
C, 56-1; H, 7-6; N, 8-2%; equiv., 171), Amax (in 95% ethanol) 266 my (e 8200). Titration in 
aqueous solution gave an apparent pK, 2-85. 

(b) 2-Cyano-5 : 5-dimethyl-A1-pyrroline l-oxide. The nitrone-cyanide (5-0 g.) was hydrolysed 
as in the previous experiment. Acidification to pH 1 and extraction with chloroform gave 
2-carboxy-5 : 5-dimethyl-A}-pyrroline 1-oxide (3-1 g.), needles, m. p. 86° (from ether—light 
petroleum) (Found: C, 53-6; H, 7-3; N,8-9%; equiv., 160. C,H,,O,N requires C, 53-5; H, 7-0; 
N, 8-9%; equiv., 157), apparent pK, 2-80 in water, Amax (in 95% ethanol) 265 muy (e 8600). 

The mother-liquors from the crystallisation were evaporated, and an aqueous solution of 
the residue passed down a column of Dowex 1 x 2 (acetate form). Evaporation of the eluate 
gave 1l-hydroxy-5 : 5-dimethylpyrrolid-2-one (1-0 g.), needles, m. p. 82—83° (from hexane) 
(Found: C, 55-9; H, 8-6; N, 10-7. C,H,,O,N requires C, 55-8; H, 8-5; N, 10-9%), apparent 
pX, 8-7 in water, vmax (mull) 3320, 3090, and 1678 cm.. 

An authentic sample of this hydroxamic acid was prepared by reduction of methyl 4-methyl- 
4-nitropentanoate (21 g.) with zinc dust (30 g.) and ammonium chloride (6 g.) in 50% aqueous 
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ethanol (150 ml.). The mixture was stirred for 4 hr., zinc and zinc oxide were removed and 
washed with hot 50% aqueous ethanol (3 x 50 ml.), and the filtrate and washings combined 
and evaporated below 60° toasyrup. This syrup was dissolved in 2nN-hydrochloric acid (50 ml.) 
and extracted with chloroform; evaporation of the chloroform yielded the 1-hydroxy-pyrrolidone 
(4:8 g., 30%), m. p. 83° undepressed on admixture with a specimen from the previous experiment. 

Thermal Decarboxylation of 2-Carboxy-A'-pyrroline 1-Oxides.—(a) 2-Carboxy-4 : 5: 5-tri- 
methyl-A1-pyrroline 1-oxide. The acid (100 mg.) was heated at 140—150° for 3 min.; carbon 
dioxide was evolved. The oily residue was converted into the picrate (120 mg., 58%), yellow 
needles, m. p. 114° (from ethanol) undepressed on admixture with the picrate of 4 : 5 : 5-trimethyl- 
A}-pyrroline l-oxide. The infrared spectra of the picrates were identical over the range 4000 
650 cm.71. 

(b) 2-Carboxy-5 : 5-dimethyl-A1-pyrroline 1-oxide. Treated as described under (a) this acid 
(100 mg.) gave 5: 5-dimethyl-A!-pyrroline 1-oxide, isolated as the picrate (140 mg., 65%), 
m. p. and mixed m. p. 78—79°. 

Addition of Grignard Reagents to A1-Pyrvoline 1-Oxides.—2-Ethyl-5 : 5-dimethyl-A'-pyrroline 
l-oxide. 5: 5-Dimethyl-A!-pyrroline 1l-oxide (10-0 g., dried by distillation with benzene) in 
anhydrous ether (30 ml.) was added to ethereal ethylmagnesium bromide [from ethyl bromide 
(15 g.) and magnesium (3-4 g.)], and the mixture heated under reflux for 30 min. Excess of 
aqueous ammonium chloride was added, and the ether layer separated, dried (Na,SO,), and 
fractionated, to give 5-ethyl-1-hydroxy-2 : 2-dimethylpyrrolidine (11-2 g., 89%), b. p. 50—53°/0-7 
mm. (Found: C, 66:8; H, 12-1; N, 9-9. C,H,,ON requires C, 67-1; H, 12-0; N, 9-8%). 
Aerial oxidation of this product in aqueous ethanol containing copper acetate and ammonia gave 
the corresponding nitrone (10-0 g., 90%), b. p. 54—56°/0-2 mm., vax. (liquid film) 1600 cm.?. 
The picrate formed yellow needles, m. p. 71—72°, from ethanol (Found: C, 45-6; H, 5-0; 
N, 15-3. C,,H,,O,N, requires C, 45-4; H, 4:9; N, 15-1%). 

2:5: 5-Trimethyl-A'-pyrroline \-oxide. This was prepared from 5: 5-dimethyl-A!-pyrroline 
1-oxide (2-0 g.) by the action of methylmagnesium iodide in ether followed by copper-catalysed 
aerial oxidation of the intermediary hydroxylamine. The nitrone picrate (1-9 g.) formed yellow 
needles, m. p. 98°, from ethanol (Found: C, 43-8 H, 4:3; N, 15-4. C,,H,gO,N, requires 
C, 43-8; H, 4:5; N, 15-7%). 

3: 3:5: 5-Tetramethyl-A'-pyrroline l-oxide. 2:4: 4-Trimethyl-A!-pyrroline l-oxide (10-0 g.) 
was treated with ethereal methylmagnesium iodide [from methyl] iodide (22-4 g.) and magnesium 
(3-8 g.)], to give 1-hydroxy-2 : 2:4: 4-tetramethylpyrrolidine (9-0 g., 81%) which sublimed at 
75°/14 mm. to colourless needles, m. p. 62° (Found: C, 66-7; H, 11-9; N, 9-9. C,H,,ON 
requires C, 67-1; H, 12-0; N, 9-8%). Copper-catalysed aerial oxidation of the hydroxylamine 
(8-5 g.) gave the A!-pyrroline 1-oxide (6-0 g., 72%), b. p. 73°/1 mm., needles, m. p. 32—34° (from 
light petroleum) (Found: C, 67-7; H, 10:3; N, 9-6. C,H,,ON requires C, 68-0; H, 10-7; 
N, 9:9%). The picrate formed yellow needles, m. p. 137—138°, from ethanol (Found: C, 45-5; 
H, 4:9; N, 15-4. C,,H,,O,N, requires C, 45-5; H, 4:9; N, 15-1%). 

Addition of Nitro-alkanes to 5 : 5-Dimethyl-A'-pyrroline 1-Oxide.—(a) Nitromethane (11-7 g.) 
in ethanol (50 ml.) was added to a stirred solution of the A!-pyrroline l-oxide (10-5 g.) and sodium 
ethoxide (from 1-8 g. of sodium) in ethanol (200 ml.) and left at room temperature overnight. 
After acidification with acetic acid (5 ml.) the ethanol was evaporated and the residue extracted 
with chloroform. Fractionation of the washed and dried (Na,SO,) extract gave l-hydroxy-2 : 2- 
dimethyl-5-nitromethylpyrrolidine (11-8 g., 74%) as a viscous yellow oil, b. p. 98°/0-3 mm. (Found: 
C, 48-5; H, 8-0; N, 16-3. C,H,,0,N, requires C, 48-3; H, 8-1; N, 16-1%), vmax, (liquid film) 
3220 and 1552 cm.}. 

(6) In a similar fashion nitroethane (12-6 g.) was added to the A!-pyrroline-1l-oxide (9-5 g.), 
to give 1-hydroxy-2 : 2-dimethyl-5-1'-nitroethylpyrrolidine (3-7 g.), b. p. 100—102°/0-4 mm. 
(Found: C, 50-8; H, 8-8; N, 15-0. C,H,,O,N, requires C, 51-1; H, 8-6; N, 149%), vax. 
(liquid film) 3480 and 1548 cm.!. Part of the A?-pyrroline l-oxide (5-7 g.) was recovered. 

Base-catalysed Condensation of 2:4: 4-Trimethyl-A!-pyrroline 1-Oxide with Aromatic Al- 
dehydes.—(a) The A'-pyrroline l-oxide (0-50 g.), benzaldehyde (0-45 g.), and potassium 
hydroxide (50 mg.) in ethanol (4 ml.) were heated under reflux for 30 min., then poured into 
water, giving 4 : 4-dimethyl-2-styryl-A!-pyrroline 1-oxide (0-31 g.) as colourless needles, m. p. 113° 
(from benzene-light petroleum) (Found: C, 78-4; H, 8:3; N, 6-4. C,,H,,ON requires C, 78-1; 
H, 8-0; N, 6-5%), vmax. (mull) 1537, 990, 977, 756, and 691 cm."!, Amex, (in 95% ethanol) 236 and 
329 mu (¢ 11,200 and 22,600). 
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(6) A similar condensation with p-nitrobenzaldehyde gave 4 : 4-dimethyl-2-4’-nitrostyryl-A}- 
pyrvoline 1-oxide as bright yellow leaflets, m. p. 233° (from ethanol) (Found: C, 64-4; H, 6-0; 
N, 10-9. C,,H,,0O,N, requires C, 64:6; H, 6-2; N, 10-8°%%). 

Benzoylation of 2:4: 4-Trimethyl-A'-pyrroline 1-Oxide.—The pyrroline oxide (0-40 g.) was 
benzoylated with excess of benzoyl chloride and sodium hydroxide solution to give a semisolid 
product which was extracted with benzene. The dried (Na,SO,) extract was passed through a 
short column of alumina and concentrated: addition of light petroleum gave 5-benzamido-1- 
benzovloxy-4 : 4-dimethylpentan-2-one (0-51 g.) as prisms, m. p. 117° (from 80°, aqueous methanol) 
(Found: C, 71-2; H, 6-1; N, 4-0. C,,H,,0,N requires C, 71-4; H, 6-6; N, 4-0), vmax, (mull) 
3360, 1718, 1637, and 1547 cm.}, Amax (in 95% ethanol) 231 and 270 my (inflexion) (¢ 25,700 
and 1800). The product was insoluble in cold dilute acids and gave no colour with ferric 
chloride. Hydrolysis of this compound (113 mg.) with aqueous ethanolic potassium hydroxide 
gave benzoic acid (67 mg., 87%), identified by m. p. and mixed m. p. 119°. The 2: 4-dinitro- 
phenylhydrazone formed yellow prisms, m. p. 172° (from ethanol) (Found: C, 60-7; H, 4-9. 
C,,H,,0,N, requires C, 60-8; H, 5-1%), Amax. (in 95% ethanol) 356—358 muy (e 21,900). 


Grateful acknowledgment is made to the Salters’ Company for the award of a Fellowship 
(to R. B.), to the Royal Commissioners for the Exhibition of 1851 for an Overseas Scholarship 
(to R. F. C. B.), and to the Department of Scientific and Industrial Research for a Maintenance 
Allowance (held by I. O. S.). 
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424. Experiments towards the Synthesis of Corrins. Part III.* 
Formation of a Bicyclic Oxaziran from a A-Pyrroline and from the 
Corresponding Nitrone. 


By R. Bonnett, V. M. CLARK, and StR ALEXANDER TODD. 


Irradiation of 5: 5-dimethyl-A!-pyrroline l-oxide yields the bicyclic 
oxaziran (IV), also obtained by oxidation of 5: 5-dimethylpyrroline with 
aqueous hydrogen peroxide. Thermal rearrangement of the oxaziran (IV) 
leads to 5: 5-dimethylpyrrolid-2-one, whereas acidic hydrolysis yields 
levulic aldehyde. 

Investigation of a reported 3-hydroxyoxaziran shows it to be the isomeric 
hydroxamic acid. 


RECENT investigations +? have revived interest in compounds containing the three- 
membered carbon-nitrogen-oxygen (oxaziran) ring (I), a formulation at one time suggested 
for the nitrones (azomethine N-oxides) (II) only to be subsequently discarded. The ox- 
azirans and the azomethine N-oxides might be regarded as electronic tautomers and, indeed, 
irradiation of nitrones can yield oxazirans,? thermal decomposition of which regenerates 
the original nitrones. 

In the course of our work on A!-pyrroline 1-oxides we irradiated 5 : 5-dimethyl-A!- 
pyrroline 1-oxide 5 (III), whereupon the nitrone was converted into an isomer to which 
we assign the oxaziran structure (IV). The same material was obtained on oxidation of 
5 : 5-dimethyl-A!-pyrroline ® with aqueous hydrogen peroxide. 

The product is assigned structure (IV) on the basis of its analysis and active-oxygen 
content (cf. ref. 1), and the absence of ultraviolet absorption (in ethanol), of infrared 
maxima (liquid film) in the N-H and double-bond regions, and of basic properties. The 


Part II, preceding paper. 


1 Emmons, J. Amer. Chem. Soc., 1956, 78, 6208; 1957, 79, 5739. 

? Farbenfabriken Bayer, B.P. 743,940; Krimm, Chem. Ber., 1958, 91, 1057. 

* Kamlet and Kaplan, J. Org. Chem., 1957, 22, 576; Splitter and Calvin, ibid., 1958, 23, 651. 
* Hawthorne and Strahm, ibid., 1957, 22, 1263. 

5 Bonnett, Brown, Clark, Sutherland, and Todd, preceding paper. 

* Bonnett, Clark, Giddey, and Todd, J., 1959, 2087. 
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nuclear magnetic resonance spectrum of the liquid measured at 40 Mc./sec. exhibited 
chemical shifts « of +1-0, +3-2, +3-9, +4-12, +4-34 (in parts per million relative to 
water) in accordance with the proposed structure. 


+ 
R-N—CR, R-N=CR | | l 
NO” i 2 Mex +4 Me, N? Me, n~O 
™ (@) H 
(I) (II) (III) (IV) (V) 


O-Z 


The compound (IV) behaved in a fashion analogous to the similarly substituted mono- 
cyclic oxazirans.1 When it was heated, the nitrone (III) was not re-formed but, instead, 
there was a slow isomerisation to the corresponding amide, 5 : 5-dimethylpyrrolid-2-one 


+ 
(IV) te Me —_ tele on _ Me On 
J e | i I } 
Me WSN ‘“ " HO N 


C°. Me (VIII) 
(VI) ” vin, Me of 
CH;CO-CH;-CH,;CHO + CH;-NH, 


(Vj. Treatment with acid resulted in rearrangement to levulaldehyde, isolable as its 
bisdinitrophenylhydrazone, the reaction possibly following the course (VI —+» VIII). 
No methylamine was detected, but the acidic solution gave a strong Ehrlich reaction as 
would be expected from pyrrole derivatives which might be formed from (VIII) or its 
equivalent. 

Irradiation of 2-substituted A!-pyrroline l-oxides failed to yield oxazirans, as did 
oxidation of the corresponding pyrrolines, owing presumably to a combination of steric 
and electronic factors. 

Reichert and Wegner“ have reported that controlled catalytic reduction of the nitro-ester 
(IX; Ar = o-methoxypheny]) followed by hydrolysis gave a compound C,,H,,0;N,H,O 
for which they proposed structure (X). On the basis of present knowledge it is to be 


Ar CH CO,Et), Ar CO,H Ar CO,H 
L L fon L jo 
N 


NO, 4) N 
(1X) (X) OH x1) 


expected that the product will be the related «-hydroxy-nitrone, existing as the tautomeric 
hydroxamic acid (XI). Repetition of Reichert and Wegner’s work gave a product which, 
in accordance with structure (XI), exhibited carbonyl bands in the infrared spectrum at 
1738 and 1667 cm. and on electrometric titration in aqueous solution had pK, values of 
2-5 and 7-2, corresponding to the carboxylic and hydroxamic acid respectively. It also 
gave a purple colour with ferric chloride. 


EXPERIMENTAL 


2 : 2-Dimethyl-6-oxa-1-azabicyclo[3 : 1: O|hexane.—(a) By oxidation of 5: 5-dimethyl-A}- 
pyrroline. Hydrogen peroxide (20 ml. of ‘‘ 30 vol.’’) was added to the pyrroline (11 g.) in 
water (15 ml.) and kept at 0° for 2 days, during which two layers were formed. A trace of 
platinum powder was added and after effervescence had subsided the suspension was extracted 
with ether (2 x 50 ml.): the extract was dried (Na,SO,) and evaporated, leaving the neutral 
liquid 2 : 2-dimethyl-6-oxa-1-azabicyclo{[3 : 1 : O|hexane (8-2 g., 64%), b. p. 60°/32 mm. (Found: 
C, 63-9; H, 10-1; N, 11-8; active O, 13-6. C,H,,ON requires C, 63-7; H, 9-8; N, 12-4; 
active O, 14:2%). Under atmospheric pressure the b. p. was ca. 150° but on occasion 
explosion occurred at this temperature. The proton magnetic resonance spectrum of the liquid 


? Reichert and Wegner, Ber., 1938, 71, 1254. 
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(cyclohexane as internal standard) exhibited peaks with chemical shifts o, — 1-90 (very weak, 
possibly from impurity), -+ 1-0 (H at C;,)), +-3-2, -++3-9 (ring CH,), +4-12, + 4-34 (gem-dimethy)). 
The active-oxygen titre of an aqueous solution of the oxaziran decreased to half its initial value 
in 30 days. 

(b) By irradiation of 5: 5-dimethyl-A'-pyrroline 1-oxide. The nitrone® (1-6 g.) in cyclo- 
hexane-ethanol (10 ml. of each) was placed 10 mm. from an Hanovia UVS 250 lamp and 
irradiated for 5 days. Fractionation of the product gave the crude oxaziran (0°18 g., 11%; 
b. p. 55—60°/25 mm.) whose infrared spectrum (liquid film) contained the same strong peaks 
in the fingerprint region as that of the oxidation product of the pyrroline; the active-oxygen 
titre was 12-6°%. The infrared spectrum (film) of the distillation residue showed maxima 
corresponding to unchanged nitrone and the pyrrolidone (V) derived by thermal rearrangement 
of the oxaziran. 

Action of Heat upon the Oxaziran (IV).—Infrared spectroscopy indicated little change in a 
solution of the oxaziran (0-4 g.) in cyclohexane (1 ml.) kept under reflux for 36 hr. Removal 
of the solvent and elevation of the temperature to 130° for 14 hr. brought about development of 
a strong band at 1690 cm.?. After removal of unchanged oxaziran under reduced pressure, 
sublimation of the residue yielded a small quantity of a deliquescent solid, m. p. 36—38° (lit.,* 
37-41) whose infrared spectrum was consistent with the product's being 5: 5-dimethyl- 
pyrrolid-2-one. 

Action of Acid upon the Oxaziran (IV).—LDissolution of the oxaziran (0-66 g.) in 50% 
sulphuric acid (2 ml.) was accompanied by a rise in temperature and the development of a red 
colour; an Ehrlich test on this solution was strongly positive. The solution was heated for 
10 min. on a steam-bath, diluted with 1: 1 aqueous ethanol (20 ml.), and treated with 2: 4- 
dinitrophenylhydrazine in methanolic hydrogen chloride, whereupon the bis-2 : 4-dinitro- 
phenylhydrazone of levulic aldehyde separated (0-33 g., 13%), having m. p. 237°: undepressed 
on admixture with a sample prepared from sylvan ® (Found: C, 44-3; H, 3-75; N, 24-1. Calc. 
for C,,H,,0,N,: C, 44-3; H, 3-5; N, 242%). The infrared spectra of the two samples were 
identical. 

Repetition of Reichert and Wegner’s Experiment.—The nitro-diester (3 g.) obtained by addition 
of malonic ester to the condensation product of nitromethane and o-methoxybenzaldehyde ? 
was hydrogenated in methanol at room temperature over platinum oxide. After 2 mols. of 
hydrogen had been absorbed the catalyst and solvent were removed, the residue was dissolved 
in ether, and the product extracted with aqueous alkali. Acidification gave a crystalline 
precipitate (0-55 g., 23°%), recrystallisation of which from water gave 1-hydroxy-4-o-methoxy- 
phenyl-2-oxopyrrolidine-3-carboxylic acid monohydrate, m. p. 130° (Found: C, 53-6; H, 5:8; 
N, 5:25. C,,H,,0;N,H,O requires C, 53-5; H, 5-6; N, 5-2%). The infrared spectrum showed 
principal maxima at 3435, 3140, 2550, 1738, and 1667 cm.!; electrometric titration in water 
gave pKg, 2:5, pKa, 7:2, equiv. 132 (required, 135). The product gave a purple colour with 
ferric chloride solution, as did the residue arising from thermal decarboxylation at 160°. 


This work was carried out during the tenure of a Salters’ Fellowship (to R. B.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, January 20th, 1959.) 


® Moffett and White, J. Org. Chem., 1952, 17, 407. 
® Wilson, J. Amer. Chem. Soc., 1948, 70, 1313. 
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425. Experiments towards the Synthesis of Corrins. Part IV.* The 
Oxidation and Ring Expansion of 2:4: 4-T'rimethyl-A'-pyrroline 
1-Oxide. 

By R. F. C. Brown, V. M. CLarK, and Sik ALEXANDER Topp. 


2:4:4-Trimethyl-A!-pyrroline l-oxide, on oxidation with selenium 
dioxide and treatment of the product with acid, undergoes ring expansion 
to 1:2:3:4-tetrahydro-3 : 3-dimethyl-5-oxopyridine l-oxide (II); the 
latter, on Clemmensen reduction, gives 2:4: 4-trimethyl-Al-pyrroline by 
ring contraction. 


THE nitrone group bears a marked resemblance to the carbonyl group both with respect 
to nucleophilic attack and in facilitating the removal of a proton under basic conditions 
from an a-carbon atom. Another well-recognised aspect of carbonyl chemistry is the 
oxidation of an adjacent methylene group to a carbonyl group by means of selenium 
dioxide ; 1 with this reagent, too, the behaviour of A'-pyrroline 1-oxides is clearly analogous. 
Thus, oxidation of 2:4: 4-trimethyl-A!-pyrroline l-oxide* with selenium dioxide in 
methanol gave a dark oil whose reactions with carbonyl reagents were in accord with 
formula (I). However, when heated with n-hydrochloric acid, the dark oil was converted 
into a crystalline isomer which also gave derivatives with carbonyl reagents and to which 
we now assign structure (II). 


— OH 
te ten 


5. 
(I) (IL) (lil o 

The infrared spectrum of compound (II) showed strong bands at 1653 and 1546 cm. 
which could be attributed to a carbonyl and a nitrone group in conjugation, and a further 
strong band at 3030 cm.-! associated with the C-H stretching mode at unsaturated carbon. 
In the case of aldehydes this band is generally observed * at 2900—2700 cm.1, whereas 
Al-pyrroline l-oxides with a hydrogen atom at position 2 show the corresponding band 
near 3050 cm.1.2_ This spectral evidence suggested that, on treatment with acid, the 
aldehyde (I) had undergone ring opening with re-closure to form the ketone (II). The 
nuclear magnetic resonance spectrum, measured at 40 Mc./sec. for a carbon tetrachloride 
solution, supported this interpretation for, whereas the aldehydic hydrogen in a number of 
aldehydes examined in this laboratory has exhibited a chemical shift, o, of —4-8 + 0-7 
(in parts per million relative to water), the compound (II) gave a peak at « —1-6; reference 
to 3:3:5: 5-tetramethyl-A!-pyrroline 1-oxide ? disclosed a similar peak at « —1-05 due 
undoubtedly to the CH of the nitrone grouping. 

Whilst both the infrared and the nuclear magnetic resonance spectra supported 
structure (II), Clemmensen reduction of the compound gave 2 : 4 : 4-trimethyl-A!-pyrroline, 
the product expected of (I). Reduction of compound (II) by aqueous potassium boro- 
hydride gave the crystalline $-hydroxy-hydroxylamine (III), but attempts to reduce this 
further to 3: 3-dimethylpiperidine were unsuccessful. With phosphorus and hydriodic 
acid at 160°, the product (III) gave 5-hydroxy-3 : 3-dimethylpiperidine, and at 210° the 
product was an unidentified aliphatic amine, C;,H,,N. 5-Hydroxy-3 : 3-dimethylpiperidine 
with toluene-f-sulphonyl chloride and aqueous sodium hydrogen carbonate gave an oil 


* Part III, preceding paper. 

1 Rabjohn in “ Organic Reactions,” ed. Adams, Wiley, New York, 1949, Vol. V, p. 331. 

2 Bonnett, Brown, Clark, Sutherland, and Todd, /., 1959, 2094. 

3 Bellamy, ‘“‘ The Infra-Red Spectra of Complex Molecules,” Methuen, London, 2nd edn., 1958, 
p. 156. 
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which contained a substantial amount of the N-toluene-p-sulphonyl derivative, for on 
oxidation with chromic acid in acetone * it afforded the crystalline ketone (IV). Clem- 
mensen reduction of this ketone removed the toluene-f-sulphonyl group but the product 
was again 2: 4: 4-trimethyl-A!-pyrroline. The formation of this base from both ketones 
(II) and (IV) provides another example of the ring contraction of homocyclic «-amino- 
ketones on Clemmensen reduction which has been investigated in detail by Leonard and 
his co-workers.5 The common intermediate, the protonated ketopiperidine (V), would be 
expected to undergo reductive fission as indicated, to give the amino-ketone corresponding 
to 2:4:4-trimethyl-A’-pyrroline. The latter is reduced to the pyrrolidine particularly 
slowly by metal-acid combinations ® so that the intermediate (and the mechanism *) are 
the more easily discernible. In the case of ketone (II), though not of (IV), an alternative 
interpretation based on the more rapid reduction of the aldehyde (I), presumed to be in 


ie) 
= S Miles ioe, le 
+* p-C,H Me-SO 
N N~. NHTs N70 64 2 
Ts H” “H Ts 
(IV) (Vv) (V1) (VII) 


equilibrium with ketone (II) in the strongly acidic medium, is possible but less likely. 
Treatment of the ketone (IV) with /-nitrosodimethylaniline in alkaline solution, followed 
by acid hydrolysis, gave a mixture. The acidic fraction yielded 88-dimethyl-y-toluene-p- 
sulphonamidobutyric acid (VI) whose formation is consonant with the structure allotted 
to the ketone (IV) and, hence, with that of the original ketone (II). 

Catalytic hydrogenation of the ketone (IT) in ethanol over platinum gave 5-hydroxy-3 : 3- 
dimethylpiperidine, three mols. of hydrogen being absorbed. This ready hydrogenolysis 
of the N-O bond is unusual amongst cyclic nitrones; dimeric 1 : 2:3: 4-tetrahydro- 
pyridine l-oxide on hydrogenation over platinum in acidic ethanol gives only 1-hydroxy- 
piperidine * and previously we have obtained only 1-hydroxypyrrolidines from hydro- 
genation of A’-pyrroline l-oxides. The hydrogenation was also unusual in that the 
solution developed a deep red colour which was discharged abruptly after two mols. of 
hydrogen had been absorbed: the rate of absorption of the third mol. was much slower. 


EXPERIMENTAL 

1:2:3: 4-Tetrahydro-3 : 3-dimethyl-5-oxopyridine 1-Oxide.—2: 4: 4-Trimethyl-A!-pyrroline 
l-oxide * (4-5 g.) and selenium dioxide (3-93 g.) in methanol (30 ml.) were heated under reflux 
for 2hr. Deposited selenium was filtered off, and the solution evaporated to leave a dark syrup. 
n-Hydrochloric acid (30 ml.) was added, the solution heated on the steam-bath for 30 min., and 
the newly precipitated selenium again removed. The new filtrate was continuously extracted 
with ether for 10 hr., and the extract dried (Na,SO,) and, after passage through a short column 
of alumina, evaporated to 15 ml.; addition of light petroleum (b. p. 40—60°) then induced 
crystallisation. Recrystallisation from ether-light petroleum gave 1: 2:3: 4-tetrahydro-3 : 3- 
dimethyl-5-oxopyridine 1-oxide (1-4 g., 28%) as pale yellow plates, m. p. 75° (Found: C, 59-6; 
H, 7-8; N, 9-9. C,H,,O,N requires C, 59-6; H, 7:9; N, 9:9%), Amax (in ethanol) 280 my 
(¢ 17,500), vmax (mull) 3030, 1653, and 1546 cm.1. The 2: 4-dinitrophenylhydrazone formed 
orange-red leaflets (from ethyl acetate-ethanol), m. p. 248° (decomp.) (Found: C, 48-5; H, 4-5; 
N, 21-8. (C,,;H,,0O;N, requires C, 48-6; H, 4-7; N, 21-8%), Amex. (in ethanol) 385 my (¢ 33,400). 

Clemmensen Reduction of 1: 2:3: 4-Tetrahydro-3 : 3-dimethyl-5-oxopyridine 1-Oxide.—The 


* Bowers, Halsall, Jones, and Lemin, J., 1953, 2548. 

® Leonard and Wildman, J. Amer. Chem. Soc., 1949, 71, 3089, and succeeding papers. 
* Bonnett, Clark, Giddey, and Todd, J., 1959, 2087. 

? Leonard and Sentz, J. Amer. Chem. Soc., 1952, 74, 1704. 

8 Thesing and Mayer, Chem. Ber., 1956, 89, 2159. 
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oxo-compound (200 mg.) and amalgamated zinc wool (4 g.) in 10N-hydrochloric acid (5 ml.) were 
heated together for 8 hr., further addition of hydrochloric acid (1 ml.) being made at hourly 
intervals. Subsequently the mixture was made alkaline and steam-distilled. Neutralisation 
of the first 40 ml. of distillate with ethanolic picric acid was accompanied by precipitation of a 
salt which, on recrystallisation from ethanol, afforded 2: 4: 4-trimethyl-A?-pyrroline picrate 
(195 mg., 40%) as yellow needles, m. p. 193°, undepressed on admixture with an authentic 
sample.® 

Reduction of 1:2:3:4-Tetrahydro-3 : 3-dimethyl-5-oxopyridine 1-Oxide with Potassium 
Borohydride.—The oxo-compound (0-50 g.) and potassium borohydride (0-50 g.) were dissolved 
in water (10 ml.) and kept at room temperature for 48 hr. Extraction with ether followed by 
evaporation of the solvent gave a colourless gum which crystallised from ether—light petroleum 
(b. p. 40—60°) to give 1: 5-dihydroxy-3 : 3-dimethylpiperidine (0-47 g.) as prisms, m. p. 80 
(Found: C, 58:2; H, 10-6; N, 9-7. C,H,,O,N requires C, 57-9; H, 10-4; N, 9-7%). It 
readily reduced aqueous alkaline triphenyltetrazolium chloride.® 

Reduction of 1: 5-Dihydroxy-3 : 3-dimethylpiperidine with Phosphorus and Hydriodic Acid.— 
(a) The 1-hydroxypiperidine (250 mg.), red phosphorus (80 mg.), and 56% hydriodic acid (3 ml.) 
were heated in a sealed tube at 160° for 6 hr. The mixture was made alkaline and steam- 
distilled, and the distillate neutralised with hydrochloric acid. Evaporation yielded a 
crystalline residue which, on recrystallisation from ethanol-ether, gave 5-hydroxy-3 : 3-dimethyl- 
piperidine hydrochloride as prisms, m. p. 200° (Found: C, 50-8; H, 9-9; N, 8-6. C,H,,ONCI 
requires C, 51-0; H, 9-7; N, 85%). The product did not reduce aqueous alkaline tripheny!]- 
tetrazolium chloride. (b) The 1-hydroxypiperidine (150 mg.), red phosphorus (200 mg.), and 
56% hydriodic acid (3 ml.) were heated at 210° for 14 hr. The product was isolated as the 
picrate which crystallised from methylene chloride-ether as pale yellow needles, m. p. 124 
(Found: C, 45-5; H, 5-7; N, 16-2. C;H,,N,C,H,O,N; requires C, 45-3; H, 5-9; N, 16-3%). 

Catalytic Hydrogenation of 1:2:3:4-Tetvahydro-3 : 3-dimethyl-5-oxopyridine 1-Oxide.— 
The oxo-compound (72 mg.) was hydrogenated over pre-reduced platinum oxide (10 mg.) in 
ethanol (10 ml.) at 25°, uptake of hydrogen (37 ml., 3 mol.) being complete in 20min. Neutralis- 
ation of the filtered solution with hydrochloric acid, followed by evaporation and crystallisation 
of the residue from ethanol-ether, gave 5-hydroxy-3: 3-dimethylpiperidine hydrochloride 
(73 mg.) as prisms, m. p. 200° undepressed on admixture with the product from the phosphorus— 
hydriodic acid reduction. 

3 : 3-Dimethyl-5-oxo-1-toluene-p-sulphonylpiperidine.—1 : 2: 3: 4-Tetrahydro-3 : 3-dimethyl- 
5-oxopyridine l-oxide (1 g.) in ethanol (30 ml.) was hydrogenated over platinum oxide (50 mg.), 
absorption being complete after 6 hr. The $-hydroxy-piperidine was isolated as the hydro- 
chloride which, without purification, was shaken with saturated aqueous sodium hydrogen 
carbonate (20 ml.) and a solution of toluene-p-sulphonyl chloride (1-5 g.) in acetone (20 ml.). 
After 1 hr., 3n-sodium hydroxide (40 ml.) was added and the mixture warmed on the steam-bath 
to complete the hydrolysis of unchanged toluene-p-sulphonyl chloride. Extraction with ether 
followed by evaporation yielded a viscous yellow oil (1-9 g.) whose infrared spectrum showed it 
to be the required 5-hydroxy-1l-toluene-p-sulphonyl compound. The crude oil was dissolved 
in acetone (30 ml.), and a solution (1-5 ml.; 8N with respect to oxygen ‘) of chromic acid in 
aqueous sulphuric acid added. 

After 10 min., a few drops of propan-2-ol were introduced, the acetone evaporated, water 
added, and the product extracted with ether. The ethereal extract was filtered through a 
short column of alumina and concentrated (to 10 ml.). Addition of light petroleum (b. p. 
40—60°) and recrystallisation of the precipitated product from ether-light petroleum gave 
3 : 3-dimethyl-5-oxo-1-toluene-p-sulphonylpiperidine (0-7 g., 35%) as needles, m. p. 110° (Found: 
C, 59-7; H, 6-9; N, 5-2. C,,H,,O,NS requires C, 59-8; H, 6-8; N, 5-0%), vmax. (mull) 1726 cm.11. 
The 2 : 4-dinitrophenylhydrazone crystallised from ethanol as yellow needles, m. p. 190° (Found: 
C, 52-0; H, 4-8; N, 15-2. C,9H,,;0,N,S requires C, 52-1; H, 5-0; N, 15-2%). 

Clemmensen Reduction of 3: 3-Dimethyl-5-oxo-1-toluene-p-sulphonylpiperidine.—The ketone 
(200 mg.), acetic acid (1 ml.), 10N-hydrochloric acid (4 ml.), toluene (2 ml.), and amalgamated 
zinc wool (3 g.) were heated together under reflux for 5 hr. The solution was decanted from 
zinc amalgam and diluted to 25 ml. with water, and the non-basic material (which had a strong 
smell of thio-p-cresol) removed by extraction with ether. The aqueous solution was then made 


® Snow, /J., 1954, 2588. 
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alkaline and steam-distilled. Neutralisation of the distillate with picric acid, evaporation to 
dryness, and recrystallisation of the residue from ethanol gave 2: 4: 4-trimethyl-A!-pyrroline 
picrate as yellow needles (99 mg., 41%), m. p. and mixed m. p. 193°. 

Synthesis of 88-Dimethyl-y-toluene-p-sulphonamidobutyric Acid.—8$ - Dimethylglutaric 
anhydride was converted by ammonolysis followed by Hofmann degradation in methanol into 
the crude urethane, 66-dimethyl-y-(methoxycarbonylamino) butyric acid, as described by Brown 
and van Gulick.!® 

The urethane (1-30 g.) was heated under reflux for 4 hr. with 5n-hydrochloric acid (4 ml.). 
Neutral material was then removed from the cooled solution by extraction with ether, and the 
aqueous solution evaporated to dryness. The crystalline residue was recrystallised from ethanol 
and ether to give y-amino-88-dimethylbutyric acid hydrochloride (0-72 g.) as needles, m. p. 140 
(Found: C, 43-2; H, 8-4; N, 8-5. C,H,,O,NCl requires C, 43-0; H, 8-4; N, 8-4%). 

To this hydrochloride (0-3 g.) and sodium hydrogen carbonate (0-5 g.) in water (20 ml.), 
toluene-p-sulphonyl] chloride (0-8 g.) in acetone (20 ml.) was added. The mixture was shaken 
at room temperature for 3 hr., after which the acetone was evaporated, excess of toluene-p- 
sulphony] chloride removed by extraction with ether, and the aqueous solution acidified to 
give the toluene-p-sulphonamido-acid (0-16 g.), which formed needles, m. p. 148° (Found: C, 54-5; 
H, 6-6; N, 5-0. C,3H,,O,NS requires C, 54-7; H, 6-7; N, 4-9%). 

Reaction of 3: 3-Dimethyl-5-oxo-1-toluene-p-sulphonylpiperidine with p-Nitrosodimethyl- 
aniline.—The ketone (220 mg.) and p-nitrosodimethylaniline (120 mg., 1 mol.) in ethanol 
(5 ml.) containing aqueous 3N-sodium hydroxide (2 drops) were left at room temperature for 
15 hr., after which the ethanol was evaporated and 10Nn-hydrochloric acid (3 ml.) added. The 
acidic solution was heated on the steam-bath for 15 min., diluted to 20 ml. with water, and 
extracted with ether; the extract was separated into an acidic and a neutral fraction by 
extraction with aqueous sodium hydrogen carbonate. The acidic fraction was crystalline and 
after several recrystallisations from ether-light petroleum (b. p. 40—60°) gave 68-dimethyl-y- 
toluene-p-sulphonamidobutyric acid (23 mg.) as needles, m. p. and mixed m. p. 148° (Found: 
C, 55-0; H, 6-6. Calc. for C,,H,,O,NS: C, 54-7; H, 6-7%). The infrared spectra of this and 
the previous specimen were identical. 

The neutral fraction, a small quantity of yellow oil, failed to crystallise. On treatment 
with 2: 4-dinitrophenylhydrazine in ethanolic sulphuric acid it gave a bright red precipitate 
which was recrystallised by adding ether to its solution in dimethylformamide containing a 
little acetic acid. This afforded small red prisms of a bis-2 : 4-dinitrophenylhydrazone, m. p. 
256° (decomp.) (Found: C, 46-9; H, 4-2; N, 19-2. C,.H,,0,,;N,S requires C, 46-6; H, 3-5; 
N, 18-8%). Its infrared spectrum showed a carbonyl] band at 1665 cm. in addition to bands 
at 1610 and 1587 cm. (Nujol mull). In the visible and ultraviolet region, maxima occurred 
at 397 mu (e 37,900) and 439 my (e 36,300) (in chloroform solution containing 5% of neutral 
dimethylformamide). As the bis-2: 4-dinitrophenylhydrazone of 3: 3-dimethylcyclohexane- 
1 : 2-dione ™ has Amax 351 (¢ 32,600) and 388 muy (e 25,700) it is probable that our product is a 
derivative of 3 : 3-dimethyl-4 : 5 : 6-trioxo-1-toluene-p-sulphonylpiperidine (VII). In aqueous- 
ethanolic sodium hydroxide it gave a deep blue solution. 


Grateful acknowledgment is made to the Royal Commissioners for the Exhibition of 1851 
for the award of an Overseas Scholarship (to R. F. C. B.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, January 20th, 1959.] 


10 Brown and van Gulick, J]. Amer. Chem. Soc., 1955, 77, 1083. 
11 Ramirez and Bellet, ]. Amer. Chem. Soc., 1954, 76, 491. 
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426. Experiments towards the Synthesis of Corrins. Part V.*  Base- 
catalysed Aldol-type Reactions of A'-Pyrroline 1-Oxides. 


By R. F. C. Brown, V. M. Crark, I. O. SUTHERLAND, and SIR ALEXANDER Topp. 


The base-catalysed formation of aldol-type products from cyclic nitrones 
of the Al-pyrroline l-oxide series is described; also conversion of the resulting 
nitrone-hydroxylamines into the bishydroxylamines and _ dipyrrolinyl- 
methanes is discussed. 


BANFIELD and KENYON ! in their work upon the reaction between acetone and phenyl- 
hydroxylamine showed that the nitrone (I) first formed dimerised spontaneously to the 
aldol-type product (II), and recently Thesing and Mayer? reported the condensation 


: CH, 
Me. Me Mec aie 


R‘ 

Cc R? Me, 
" alge | Mt R? 5 
N* a. N* , +R Me, +2 
er’ ‘o- Ph* “OH Ph* *O7 RN N 

’ o~ o~ 
(I) (IT) (111) (Iv) 
product of butyraldehyde and phenylhydroxylamine* to be of the same type. The 
cyclic nitrones (III; R! = R? =H, R? = R* = R®= Me; and R! = R? = R® = Me, 
R* = R® = H),* however, show little tendency to form aldolic dimers when stored at 
room temperature, though by basic catalysis aldol-type reactions can be brought about. 
Thus, the anion of the former nitrone generated by triphenylmethylsodium or sodamide 
in liquid ammonia has been added to the nitrones (III; R' = R* = R? = Me, 
k* = R® = H) and (IV) to yield the corresponding nitrone-hydroxylamines (Va and b) 


‘ M 
“Twit. wet 
ie " m = ys 
Ni di. 2 2 NZ N e2 
' ' 
o- OH o- OH 
(V) (VI) 


a: R=H, R’=Me 
b: R=Me, R =H 


in the di-2-pyrrolidinylmethane series. The isolation of a single product (Vb) suggests 
that isomerism arising from a reversal of oxidation level in the two rings is absent; the 
formation of two isomeric products (Va) on use of triphenylmethylsodium can then be 
attributed to geometrical isomerism arising from the relative positions of the bridging 
methylene group and the isolated methyl group (R’). Use of sodamide in liquid ammonia 
gave only one isomer of (Va) and to this we assign the ¢rans-configuration. Addition of 
the nitrone (III; R! = R? = Me, R* = R* = H, R® = Et) to (IV) in the presence of 
sodamide in liquid ammonia also gave a single product which we formulate as the nitrone- 
hydroxylamine (VI). As the monomeric nitrones (III; R! = R? = H, R? = R* = R® =Me; 
and Rt = R? = R? = Me, R* = R° = H) are isomeric it was of importance to determine 
whether the nitrone-hydroxylamines (Va) were derived from either compound alone or 
were the products of addition of one nitrone to the other. Attempted base-catalysed 
dimerisation of the first of this pair by triphenylmethylsodium failed whilst, under the 
same conditions, the second of the pair gave a dimer (VII). 

The infrared spectrum of the trans-product (Va) showed bands at 3130 (OH group) 


* Part IV, preceding paper. 


1 Banfield and Kenyon, /J., 1926, 1612. 

2 Thesing and Mayer, Chem. Ber., 1956, 89, 2159. 

3 Utzinger and Regenass, Helv. Chim. Acta, 1954, $7, 1892. 

* Bonnett, Brown, Clark, Sutherland, and Todd, J., 1959, 204. 
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and at 1614 cm.* (2-substituted nitrone *). The presence of the hydroxylamine group was 
confirmed by the colour test with triphenyltetrazolium chloride,® and that of the nitrone 
group by its ultraviolet absorption at 233 my. Since the 2-methyl group of the nitrone 
(III; R! = R? = H, R* = R* = R® = Me) had been shown to undergo condensation with 
aromatic aldehydes * whilst the 3-methylene group of the nitrone (III; R! = R? = R? = 
Me, R* = R5 = H) did not, and since the former nitrone did not undergo dimerisation 


Me H 
Me ¥ Me, 7. =q°**Me 
Me, +2 : +2—- CH, ee Me 
OH e's 2 
: owe 
(VII) (VIIT) 


in the presence of triphenylmethylsodium, it can be concluded that addition to give 
products represented as (Va) had indeed taken place. The reactions of these compounds 
are entirely consistent with this structure. In the formation of (Va) in presence of triphenyl- 
methylsodium the two isomers were obtained in 30% and 8% yield respectively; on 
oxidation they gave the same product and we suggest that these isomers are respectively 
the 2’ : 4’-trans- and 2’ : 4’-cis-compounds (VIII; trans-form shown). Aerial oxidation of 
either isomer in the presence of ammonia and a catalytic amount of cupric ion gave a 
bright yellow product, C,,H,,O,N,, evidently formed by oxidative dimerisation. The 
infrared spectrum of this product showed no absorption in the hydroxyl region and a 
single strong band in the nitrone region, at 1542 cm."', which we assign to nitrone groups 
in conjugation with an unsaturated system. As there were no bands indicative of CH 
out-of-plane vibrations, it appeared that the new double bond (required by the analytical 
figures) was tetrasubstituted. The ultraviolet spectrum exhibited a sharp band at 256 mu 
(ec 13,200) and a broad band at 380—390 mu (« 10,400); on this evidence we assign 
structure (IX) to the product and assume that it was formed by oxidative dimerisation 
of the anion (X) of the intermediate dinitrone, followed by a further oxidative step. In 
the pyrrole series analogous oxidations of dipyrrylmethanes to tetrapyrrylethanes and 
tetrapyrrylethylenes are well known. Examination of a model of (IX) suggests that 


when two rings are coplanar and their nitrone groups fully conjugated, the other two rings 
cannot also be coplanar. In all probability the rings are inclined with respect to the plane of 
the central ethylenic bond and this would account for the low intensity of the long-wave- 
length band in the ultraviolet spectrum. A further stereochemical complication exists 
arising from the non-identity of the ring-substituents, cis- and trans-ethylenes being 
possible; that shown in (IX) is the trans-ethylene. The compound could not be obtained 
in well-formed crystals and, although it appeared to be homogeneous when subjected to 
paper chromatography, it may well have been a mixture of geometrical isomers. 
Reduction of the frans-compound (VIII) with aqueous potassium borohydride gave 


5 Rogers, J., 1955, 769; Snow, J., 1954, 2588. 
® Fischer, Baumgartner, and Plétz, Annalen, 1932, 498, 9; Fischer and Beller, ibid., 1925, 444, 239. 
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the corresponding bishydroxylamine (XI): in consequence of the additional asymmetric 
centre generated at C,.) two diastereoisomers were obtained, although one, m. p. 156°, was 
formed in much greater amount than the other, m. p. 134°. Reactions expected to yield 
the corresponding dipyrrolinylmethanes (XII) gave, in addition, other products, the 


rs te tte Me, oe 
2 CH - wy * o~ I Ie 
N PF N 2 NZ 2 SN 2 
OH OH (X11) 
(XI) 


nature of which became apparent from the detailed study of the aldonitrone dimer (VII). 

The infrared spectrum of the dimer (VII), measured in Nujol mulls, showed a strong 
band at 3240 cm. indicative of a hydroxyl group, but no nitrone absorption in the region 
1620—1570 cm.*. The ultraviolet spectrum, measured in ethanol, exhibited a band at 
236 mu, indicating the presence of a nitrone group; the intensity (¢ 6000), however, was 
lower than previously observed * for the simple cyclic nitrones (e ca. 10,000). In cyclo- 
hexane solution this ultraviolet band was shifted to 249 my, the intensity then being 
normal (< 11,800). Again, the infrared spectrum of the dimer (VII) in chloroform solution 
showed both hydroxyl (3680, 3560 cm.) and nitrone (1583 cm.“) absorption. The 
evidence suggests an equilibrium sensitive to changes of state and of solvents, and most 
likely to be attributable to reversible addition of the hydroxyl group of the hydroxylamino- 
group to the double bond of the nitrone group to give the tricyclic system (XIII). 





Me 
Me we Me, Me,-— Me Me, . 
Me, oO” U Acct Me, Uden, Me, 
N i — rg 
HO s . . $ 
(XII) (XIV) (XV) 


Ts = p-C,H,Me-SO, 


The bishydroxylamine (XI) on treatment with three mols. of toluene-f-sulphony! 
chloride and excess of triethylamine (cf. ref. 4) gave a mixture separable into two main 
fractions by chromatography on neutral alumina: each fraction yielded a crystalline base. 
The first product, C,,H,0,N,S, exhibited the ultraviolet maximum at 228 my (¢ 9900) 
and an inflexion at 260—265 my (e 1800) to be expected of a toluene-p-sulphonamide. 
The infrared spectrum showed neither hydroxyl absorption nor strong bands in the 1700— 
1500 cm. region. As the toluene-p-sulphonyl group accounts for two of the three oxygen 
atoms present and there is no carbonyl or hydroxyl group, the remaining oxygen atom 
must be located either in a toluene-p-sulphony] ester or in an ether linkage. The molecular 
formula requires that the heterocyclic part of the molecule should be either tricyclic and 
saturated, or bicyclic with a single double bond. A double bond if present would almost 
certainly have been detected in the infrared or ultraviolet spectrum and the introduction 
of an isolated 3 : 4-double bond into a pyrrolidine ring under such mild conditions is in any 
case unlikely. The only structures which readily accommodate the evidence are the 
isomeric spiro-structures (XIV) and (XV) of which the former is preferred since its 





Tscl Me Me Me Me 
(xl) ——> ‘L .Y J one "| —> (XIV 
N ; 
Et, on Me, Nn CH; N Me, ( ) 
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formation would involve initial attack at the less hindered hydroxylamine group of (XI). 
The spiro-compound (XIV) could arise by ordinary O-esterification of (XI) followed by 
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elimination of toluene-p-sulphonic acid to give the pyrroline-hydroxylamine and the 
acylation of this to give the spiro-structure. 

The second product of interaction of (XI) with toluene-p-sulphonyl chloride had a 
molecular formula C,,H,,0,N,S, differing from (XIV) by the elements of water. Its 
infrared spectrum showed the toluene-f-sulphony] group to be present (C:C ring stretching 
at 1600 and 1495 cm.; sulphone absorption at 1343 and 1164 cm.“); there was no 
hydroxyl absorption, all the oxygen atoms being accounted for by the toluene-f-sulphonyl 
group. In addition, there were two very strong bands at 1637 and 1580 cm.: as the 
formula requires two double bonds to be present these bands may be assigned to a C=N 
and C=C group in conjugation. The presence of a conjugated unsaturated system in the 
heterocyclic portion of the molecule was confirmed by the ultraviolet spectrum of the 
base, which, in addition to the short-wavelength maximum at 227 my (« 12,900), attribut- 
able to the toluene-f-sulphonyl group, showed a band of high intensity (e 12,400) at 
278 my. To this base we assign structure (XVI), an assignment supported by its ozonolysis 


Me, Me 03 Me, 
[ jo > Me, [ Ae 
N N N 
! ' 
Ts (XVI) Ts 


to 4: 4-dimethyl-1-toluene-p-sulphonylpyrrolid-2-one, which on hydrolysis gave 8-di- 
methyl-y-toluene-p-sulphonamidobutyric acid. Treatment of the bishydroxylamine (XI) 
with phosphorus oxychloride and triethylamine gave a 63° yield of a dipyrrolinylmethane 
derivative whose high basicity (pK, 12-1) and spectral characteristics (cf. ref. 7) showed it 
to exist as the vinylogous amidine (XVII); it gave the amide (XVI) on toluene-j- 
sulphonylation. Being the nitrogen analogue of a 6-diketone, the product (XVII) readily 
formed a cobaltous and a cupric complex, both of which were soluble in light petroleum. 


Me, Fi Me, Me, 
[ lei > AMe, [ eon J 
+ N N M N 
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a. 4 
OH (XVIII) 


(XVII) 
From our experiments it is apparent that, under the influence of strongly basic catalysts, 
aldol-type products can be obtained from the A!-pyrroline l-oxides. On one occasion 
only did we observe spontaneous dimerisation, that of the oxide (III; R! = R? =H, 
R® = R* = R5 = Me) to a product whose properties accord with structure (XVIII): 
storage over alkaline catalysts seemed not to effect the dimerisation, nor did irradiation, 
although samples of the nitrone which had been kept for long periods reduced the tri- 
phenyltetrazolium chloride reagent,5 a reaction characteristic of the dimer, and not of 
the monomer. 


EXPERIMENTAL 


Addition of 2: 4: 4-Trimethyl-A'-pyrroline 1-Oxide to 4: 5 : 5-Trimethyl-A'-pyrroline 1-Oxide — 
(a) A mixture of the pyrroline oxides (3-0 g. of each) was dried by azeotropic distillation with 
benzene and treated with a solution of triphenylmethylsodium (from triphenylmethy] chloride, 
7-0 g., and 1-2% sodium amalgam, 120 g.) in anhydrous ether (300 ml.) in a closed evacuated 
apparatus which also served for the preparation of the reagent. After two days the ethereal 
solution was extracted with dilute hydrochloric acid. The acid extract was made alkaline 
with ammonia, and extracted with chloroform (4 x 20 ml.). The chloroform extract was 
dried (K,CO,), filtered through a short column of alumina, and evaporated. Recrystallisation 
of the solid residue from benzene-light petroleum gave clusters of large colourless needles 
of 2’: 4’-trans-2-(1’-hydroxy-4’ : 5’ : 5’-trimethylpyrrolidin-2’-ylmethyl)-4 : 4-dimethyl-A'-pyrroline 

7 Lloyd and Marshall, J., 1958, 118. 











[1959] Experiments towards the Synthesis of Corrins. Part V. 2113 


he l-oxide (VIII) (1-80 g., 30%), m. p. 136°, Amax, (in 95% etianol) 233 my (e 11,100); vaax, (mull) 

3130 and 1614 cm. [Found: C, 66-2; H, 10-1; N, 10-99%; M (thermistor method 8), 263. 

a C,,H,,0,N, requires C, 66-1; H, 10-3; N, 11-0%; M, 254]. It readily reduced aqueous alkaline 

‘ts triphenyltetrazolium chloride solution, and even in the solid state the crystals quickly became 
ng pale yellow through autoxidation to the yellow oxidation product described below. 


The benzene-light petroleum mother-liquors from the crystallisation of the above product 
1 were evaporated and stirred with a little water; sticky crystals separated. The mixture was 
y diluted with water (20 ml.) and extracted with ether (4 x 15 ml.). The ethereal extract was 


no 











he evaporated and the residue recrystallised from benzene-light petroleum, giving small colourless 
‘N prisms of the isomeric 2’ : 4’-cis-nitrone-hydroxylamine (0-50 g., 8%), m. p. 171°, vmax 3190 and 
he 1624 cm. (Found: C, 66-0; H, 10-2; N, 109%). It readily reduced aqueous alkaline 
he triphenyltetrazolium chloride solution, but the crystalline substance remained colourless, even 
it- on long storage. 
at (6) (By Dr. H. Moncurg, jun.) 2:4: 4-Trimethyl-A?-pyrroline l-oxide (11-0 g.) which had 
sis been dried by azeotropic distillation with benzene was treated with a solution of sodamide 
[from sodium (3-5 g.) in liquid ammonia (500 ml.) in the presence of a trace of ferric nitrate]. 
| After 1 hr. at room temperature, the solution was treated with 4: 5: 5-trimethyl-A!-pyrroline 
l-oxide (10-5 g., dried by azeotropic distillation with benzene). The mixture was stirred and 
the liquid ammonia allowed to evaporate until a slurry remained (2—3 hr.). Water (500 ml.) 
was added cautiously to the semi-solid residue, and the solution extracted with chloroform 
(5 x 100 ml.); the extract was dried (K,CO,) and evaporated. Recrystallisation of the crude 
solid from benzene-light petroleum gave colourless needles of the ¢vans-nitrone-hydroxylamine 
li- (15-6 g., 74%), m. p. 136° alone or mixed with the compound prepared as in (a). 
I) Extraction of the benzene-light petroleum mother-liquors as in (a) failed to yield any of 
1e the cis-isomer. 
it Copper-catalysed Oxidation of the Nitrone-hydroxylamines (Va).—(a) The above tvans-nitrone- 
b- hydroxylamine, m. p. 136° (0-51 g.), and copper sulphate (0-01 g.) were dissolved in water 
ly (10 ml.) and ammonia (1 ml.; d 0-880), and air was bubbled through the solution for 2 hr. 
. The solution was extracted with chloroform (5 x 10 ml.), and the chloroform extract evaporated 
to give a bright yellow gum. This was chromatographed in light petroleum on a column of 
magnesium carbonate (50 g.). The yellow band was eluted with benzene-light petroleum, and 
the eluate evaporated to give a yellow solid. Recrystallisation from light petroleum containing 
a little benzene gave yellow prisms (0-34 g., 68%) of 1: 2-di-(4: 4-dimethyl-A}-pyrrolin-2-yl)- 
1 : 2-di-(4 : 5 : 5-trimethyl-A}-pyrrolin-2-yl)ethylene tetra-N-oxide (IX), m. p. 201° (decomp.), 
Amax. (in 95% ethanol) 256 and 380—390 my (e 13,200 and 10,400), v,,, (mull) 1542 cm.7} 
, (Found: C, 67-0; H, 9-0; N, 11-3%; M (micro-Rast), 447. C,,H,,O,N, requires C, 67-2; 
” H, 8-9; N, 11-2%; M, 501). 
mn (b) The cis-nitrene-hydroxylamine (0-10 g.) was oxidised and the product isolated as in (a), 
1, to give the same yellow oxidation product (0-04 g.), identified by m. p. and mixed m. p. 201° 
): (decomp.). 
a Reduction of Compound (VIII) with Potassium Borohydride.—The trans-nitrone-hydroxyl- 
- amine, m. p. 136° (0-51 g.), and potassium borohydride (0-5 g.) were dissolved in water (10 ml.) 
»f and left at room temperature for 48 hr. A crystalline precipitate was then collected and, after 
drying, weighed 0-31 g. Extraction of the filtrate with ether yielded a colourless gum (0-11 g.). 
The crystals and the gum were combined and recrystallised from low-boiling light petroleum. 
Repeated recrystallisation, finally from ethanol, gave rosettes of small needles (0-20 g.) of 
1: 1’-dithydroxy-4: 4:4’: 5’ : 5’-pentamethyl-2 : 2’-dipyrrolidinylmethane, m. p. 156°, Vmax. 3220 
= cm. (Found: C, 65-6; H, 10-9; N, 11-1. C,,H,,0,N, requires C, 65-6; H, 11-0; N, 10-9%). 
h The light petroleum mother-liquors from the crystallisation were concentrated, and a small 
> quantity of crystals which separated was collected. The filtrate was evaporated, and the 
d sticky residue recrystallised several times from aqueous methanol. The material thus obtained 
7 was sublimed in vacuo (bath-temperature 100°/0-5 mm.) and again recrystallised from aqueous 2 
» methanol, to give a diastereoisomeric bishydroxylamine as small feathery needles, m. p. 134° 
Ss (Found: C, 65-7; H, 11-2; N, 11-1%). Them. p. of this compound was depressed below 120° 
" in admixture with the compound of m. p. 156°. The infrared spectra of the two isomers were 
S 


similar, but showed distinct differences in the fingerprint region. 
” Addition of 2:4:4-Trimethyl-A)-pyrroline 1-Oxide to 3:3: 5: 5-Tetramethyl-A'-pyrroline 
8 Iyengar, Rec. Trav. chim., 1954, 78, 789. 
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1-Oxide.—These pyrroline oxides (2-0 g. of each) were condensed in liquid ammonia (100 ml.) 
containing sodamide (from 0-7 g. of sodium), and the product isolated as described above. 
2-(1’-Hydroxy-3’ : 3’ : 5’ : 5’-tetramethylpyrvolidin-2’-ylmethyl)-4 : 4-dimethyl-A'-pyrroline 1-oxide 
(Vb) (1-60 g., 40%) was obtained as needles (from methylene chloride-light petroleum), m. p. 
150° (Found: C, 67-2; H, 10-4; N, 10-5. C,,;H,,O,N, requires C, 67-2; H, 10-4; N, 10-4%). 
The infrared spectrum (mull) showed maxima at 3110, 1635, and 1617 cm.1. 

Addition of 2-Ethyl-5 : 5-dimethyl-A!-pyrroline 1-Oxide to 3: 3: 5: 5-Tetramethyl-A'-pyrroline 
1-Oxide.—These pyrroline oxides (1-5 g. of each) were condensed in liquid ammonia (100 ml.) 
containing sodamide (from 0-5 g. of sodium). Next morning water (40 ml.) was added, and the 
aqueous solution was extracted with chloroform. Evaporation of the chloroform extract 
yielded an oily mixture of product and starting materials. The latter were removed by 
sublimation at 90°/15 mm., and the crystalline non-volatile residue was recrystallised from 
light petroleum to give 2-[1-(1’-hydroxy-3’ : 3’: 5’ : 5’-tetramethylpyrrolidin-2’-yl)ethyl)-5 : 5- 
dimethyl-A'-pyrroline 1-oxide (V1) (0-48 g., 16%) as prisms, m. p. 121—122° (Found: C, 68-1; 
H, 10-8; N, 9-8. C,gH390,N, requires C, 68-0; H, 10-7; N, 9°9%), vax, (mull) at 3260 and 
1590 cm.?. 

The picrate formed needles (from ethanol), m. p. 144° (Found: C, 51-8; H, 6-8; N, 13-7. 
C,.H3,0,N; requires C, 51:7; H, 6-5; N, 13-7%). 

Dimerisation of 4:5: 5-Trimethyl-A}-pyrroline 1-Oxide with Ethereal Triphenylmethyl- 
sodium.—Triphenylmethylsodium (from triphenylmethyl chloride, 3-5 g., and 1-2% sodium 
amalgam, 50 g.) in anhydrous ether (200 ml.) was added to the pyrroline oxide (2-0 g.) in benzene 
(5 ml.) in a closed evacuated apparatus. The mixture was left overnight and then extracted 
with 3n-hydrochloric acid. The acidic extract was made alkaline with ammonia and extracted 
with ether (4 x 30 ml.). Evaporation of the ethereal extract and crystallisation of the residue 
from low-boiling light petroleum gave 3-(l’-hydroxy-4’ : 5’ : 5’-trimethylpyrrolidin-2’-yl)-4 : 5: 5- 
trimethyl-A'-pyrroline 1-oxide (VII) (0-27 g., 13%) as clusters of small colourless needles, m. p. 
142° [Found: C, 66-1; H, 10-0; N, 11:1%; M (thermistor method §), 278. C,,H,,O,.N, 
requires C, 66-1; H, 10-3; N, 11:0%; M, 254), Amax 236 (c 6000) in 95% ethanol, 249 my 
(< 11,800) in cyclohexane, vmx, 3240 (Nujol mull) and 3680, 3560, and 1583 cm. (in chloroform). 

Spontaneous Dimerisation of 2:4:4-Trimethyl-A'-pyrroline 1-Oxide—A sample of the 
pyrroline oxide (ca. 25 g.) which had been stored in the refrigerator for five months deposited 
a mass of crystals. This was collected on sintered glass, washed with benzene-light petroleum, 
and recrystallised from the same solvents to give a product (0-76 g.), possibly 2-(1’-hydroxy- 
2’: 4’ : 4’-trimethylpyrrolidin-2’-ylmethyl)-4 : 4-dimethyl-A)-pyrroline 1l-oxide (XVIII), as small 
colourless needles, m. p. 115° (Found: C, 66-3; H, 10-2; N, 10-8; active H, 0-52. (C,,H,,0,N. 
requires C, 66-1; H, 10-3; N, 11-0; active H, 0-40%), Ansx (in ethanol) 234 my (< 9500), vmax. 
3320 and 1610 cm.t. 

Aerial oxidation of the product (0-1 g.) in water (5 ml.) containing ammonia (1 ml.; d 0-880) 
and copper sulphate (10 mg.) gave, after extraction with methylene chloride, a dinitrone as a 
colourless hygroscopic gum. The picrate formed bright yellow prisms (from ethanol), m. p. 
120° (Found: C, 50-0; H, 5-7; N, 15-7. Cy 9H.,O,N; requires C, 49-9; H, 5-7; N, 14-55%). 
The base was regenerated from the picrate by passage of a methylene chloride solution through 
a short column of alumina. On evaporation the dinitrone was again obtained as a resin which 
could not be crystallised. The infrared spectrum showed maxima 1600 and 1591 cm.7}. 

Action of Toluene-p-sulphonyl Chloride and Triethylamine on a Bishydroxylamine.—1 : 1’-Di- 
hydroxy-4 : 4: 4’: 5’: 5’-pentamethyl-2 : 2’-dipyrrolidinylmethane, m. p. 156° (0-26 g.), and 
toluene-p-sulphonyl] chloride (0-57 g., 3 mol.) were dissolved in dry pyridine (2-5 ml.), and the 
solution set aside for 30 min. Dry triethylamine (2-5 ml.) was then added, and the solution 
heated under reflux for a further 30 min. The solution was evaporated to dryness under 
reduced pressure and the residue shaken with ether and dilute ammonia. Evaporation of the 
ethereal solution gave a red gum, which was chromatographed in benzene-light petroleum 
(1: 1) on a column of neutral alumina (25 g.). Benzene-light petroleum eluted a pale yellow 
gum (0-1 g.) (fraction A) and further elution with pure benzene gave a yellow gum (0-06 g.) 
(fraction B). 

Fraction A on treatment with a slight excess of ethanolic picric acid afforded a crystalline 
picrate, which recrystallised from ethanol in lemon-yellow needles, m. p. 157° (Found: C, 52-5; 
H, 6-0; N, 11-7. C,,H,;0O,9N,S requires C, 52-2; H, 5-7; N, 11-3%). 

This picrate was converted into the free base by passage of its benzene solution through a 
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short column of alumina. Evaporation of the benzene eluate and crystallisation of the residue 
from low-boiling light petroleum gave colourles platelets of 7: 8:8: 4’: 4’-pentamethyl-1’- 
toluene-p-sulphonyl-2-oxa-1-azabicyclo[3 : 3 : Ojoctane-3-spiro-2’-pyrrolidine (XIV), m. p. 86—87° 
(Found: C, 64-4; H, 8-1; N, 7-0. C,,H;,0,N,S requires C, 64:2; H, 8-2; N, 7-1%), Amax. (in 
95°, ethanol) 228 my (ce 9900) with an inflexion at 260—265 mu (e 1800), vmax (mull) 1600, 
1498, 1349, and 1157 cm."}. 

Fraction B on treatment with ethanolic picric acid precipitated a very sparingly soluble 
picrate, which was recrystallised from ethanol to give yellow prisms, m. p. 232° (decomp.) 
(Found: C, 53-5; H, 5-5; N, 11-6. C,,H,,0,N,;S requires C, 53-7; H, 5:5; N, 11-6%). 

This was also converted into the base by chromatography on alumina from benzene solution. 
The crude base was recrystallised from light petroleum to give large colourless prisms 
of 2-(4’ : 4’-dimethyl- 1’ -toluene-p-sulphonylpyrrolidin - 2’ -ylidenemethyl) -4 : 5 : 5-trimethyl- A}- 
pyrroline (XVI), m. p. 142° (Found: C, 67-3; H, 7-9; N, 7-7. C,,H390,N,S requires C, 67-3; 
H, 8-1; N, 7-5%), Amax. (in 95% ethanol) 227 (ec 12,900) and 278 mu (ce 12,400), vx, (mull) 1637, 
1600, 1580, 1495, 1343, and 1164 cm.}. 

Action of Phosphoryl Chloride and Triethylamine on a Bishydroxylamine.—To a solution of 
1: 1’-dihydroxy-4 : 4: 4’: 5’ : 5’-pentamethyl-2 : 2’-dipyrrolidinylmethane, m. p. 156° (4-80 g.), 
in anhydrous benzene (100 ml.) a solution of phosphoryl chloride (6-0 g.) in benzene (10 ml.) was 
added with cooling. A solution of triethylamine (9 ml.) in benzene (10 ml.) was then added 
dropwise, and the mixture was left at room temperature for 4 hr. After acidification with 
3n-hydrochloric acid the mixture was distilled to remove benzene, and the remaining aqueous 
solution was cooled and extracted with ether (2 x 25 ml.) to remove non-basic material. 
10N-Hydrochloric acid (50 ml.) was added, and the solution heated under reflux for 4 hr. It 
was then cooled, made strongly alkaline with sodium hydroxide, and extracted with ether 
(4 x 40 ml.). Evaporation of the ethereal extract gave a yellow gum which, on sublimation 
at 100° (bath-temperature)/20 mm., yielded substantially pure 2-(4’ : 4’-dimethylpyrrolidin-2’- 
ylidenemethyl)-4 : 5 : 5-trimethyl-A1-pyrroline (XVII) as a pale yellow crystalline mass (2-61 g., 
63%). Resublimation for analysis gave colourless crystals, m. p. 42° [Found: C, 76-4; H, 11-0; 
N, 12-9; M (micro-Rast), 231. C,,H,,N, requires C, 76-3; H, 11-0; N, 12-7%; M, 220}, 
Amax, (in ether) 300 mu (e 17,500), (in 95% ethanol) 320 my (ec 43,500), (in 90% ethanol, 0-5n in 
HCl) 320 my (ce 44,000), (in 85°, ethanol, n/20 in KOH) 303 my (e 19,200), v,,,x, (supercooled 
film) 3200, 1630, and 1550 cm."1, pK’, 12-1 (in water). 

The picrate formed yellow needles (from ethanol), m. p. 189° (Found: C, 53-2; H, 6-1; 
N, 15-6. C,,H,,O,N; requires C, 53-4; H, 6-1; N, 15-6%). 

The base (80 mg.) in methanol (3 ml.) was added to a solution of cobalt nitrate (200 mg.) in 
aqueous ammonia [1 ml. (d 0-880) + 5 ml. of water]. The yellow precipitate formed was 
extracted with methylene chloride, and the methylene chloride evaporated to give a yellow 
solid. Purification of this by recrystallisation from ethereal solution by addition of methanol 
gave the cobalt complex as orange prisms, m. p. 137° (Found: C, 67-6; H, 9-7; N, 11-0. 
C,,H,,N,Co requires C, 67-6; H, 9-3; N, 11:3%), Amax (in cyclohexane) 271 (ce 10,800), 324 
(c 29,400), and 431 my (ec 1600). A copper complex was readily obtained in a similar manner 
but this, a deep blue gum, could not be obtained crystalline. Both complexes were readily 
soluble in low-boiling light petroleum. 

The toluene-p-sulphonyl derivative was obtained from the base (0-5 g.) by the action of 
toluene-p-sulphonyl chloride (0-5 g.) and triethylamine (0-5 ml.) in benzene (5 ml.). It 
crystallised from light petroleum in large colourless prisms (0-6 g.), shown by comparison of 
infrared spectra and by m. p. and mixed m. p. (142°) to be identical with the toluene-p-sulphonyl 
base previously obtained directly by the action of toluene-p-sulphonyl] chloride and triethyl- 
amine on the bishydroxylamine (see above). 

Ozonolysis of Toluene-p-sulphonyl Derivative (XV1).—This compound (0-25 g.) was dissolved 
in a mixture of glacial acetic acid (10 ml.) and ethyl acetate (5 ml.), and a stream of 3% ozonised 
oxygen was passed through the solution for 20 min. at 0°. Water (15 ml.) and zinc dust (0-5 g.) 
were added, and the solution was shaken at room temperature for 1 hr. After filtration the 
filtrate was evaporated to dryness below 60°, and water (10 ml.) added. The crystalline 
precipitate which separated was recrystallised from methylene chloride—light petroleum to give 
colourless platelets of 4: 4-dimethyl-1-toluene-p-sulphonylpyrrolid-2-one (0-14 g.), m. p. 129° 
(Found: C, 58-2; H, 6-5; N, 5-3. C,,;H,,O,NS requires C, 58-4; H, 6-4; N, 5-2%), vmax. (mull) 
1734, 1730, 1595, 1488, 1360, 1166, and 1160 cm.*?. 
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The above pyrrolidone (0-1 g.) was heated with a solution of potassium hydroxide (0-2 g.) in 
50% aqueous ethanol (3 ml.) for 30 min. Acidification and extraction with ether yielded 
88-dimethyl-y-toluene-p-sulphonamidobutyric acid as needles (from ether—low-boiling light 
petroleum), m. p. 148°, undepressed in admixture with an authentic specimen ® (Found: 
C, 54-7; H, 6-9; N, 4-9. Calc. for C,,H,,O,NS: C, 54-7; H, 6-7; N, 4-9%), vmax, (mull) 3270, 
2700, 1600, 1498, 1310, and 1153 cm.}. 


We are indebted to the D.S.I.R. for a Research Studentship (I.O.S.) and the Royal 
Commissioners for the Exhibition of 1851 for an Overseas Scholarship (R. F. C. B.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, January 20th, 1959.) 


* Brown, Clark, and Todd, preceding paper. 


427. Experiments towards the Synthesis of Corrins. Part VI.* The 
Dimerisation of A}-Pyrroline 1-Oxides to 2-(1'-Hydroxypyrrolidin- 
2’-yl)-A1-pyrroline 1-Oxides. 

By R. F. C. Brown, V. M. Crark, M. LAMCHEN, and Sir ALEXANDER TopD. 


Under certain conditions, sodamide in liquid ammonia catalyses the 
dimerisation of A}!-pyrroline l-oxides to 2: 2’-dipyrrolidinyl derivatives. 
In the case of 5: 5-dimethyl-A!-pyrroline l-oxide a degradative proof of 
structure of the dimer is presented. 


THE corrin nucleus (I), upon which the macrocyclic component of the vitamin B,, 
chromophore ? is based, is distinguished from the closely related porphyrins not only by 
the difference in oxidation level but also by the absence of a meso-carbon atom linking 
rings A and p. In exploring possible synthetic routes to the corrins we have therefore 
examined methods for the elaboration of intermediates related to 2 : 2’-bipyrrolidinyl (II), 
in addition to those based on dipyrrolidin-2-ylmethane (III). Derivatives of the latter 
formed the subject of the preceding paper in which the base-catalysed aldol-type reactions 
of various Al-pyrroline l-oxides (IV) were recorded. 
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The nitrone group (V), although capable of undergoing nucleophilic addition at the 
carbon atom,” might also be expected to exhibit electrophilic reactivity at that site as 
expressed by the canonical form (VI); indeed, the N-oxide linkage in pyridine 1-oxide is 
highly polarisable in both directions * and electrophilic substitution in the 4-position of 
pyridine oxide occurs readily. Moreover, in the aliphatic series, the anion of nitromethane 
(V; R =H, R’ = O°) dimerises by an addition equivalent to that of (V) to (VI) to yield, 
ultimately, nitroacetic acid; 5 and the adduct (V; R = H, R’ = Ph) of formaldehyde and 

* Part V, preceding paper. 

1 Bonnett, Cannon, Clark, Johnson, Parker, Lester Smith, and Todd, /., 1957, 1158, and references 
erein. 

* Bonnett, Brown, Clark, Sutherland, and Todd, Part II, J., 1959, 2094. 

* Jaffé, J. Amer. Chem. Soc., 1954, 76, 3527; Katritzky, Randall, and Sutton, J., 1957, 1769. 


, ‘ ate Org. Chem., 1953, 18, 534; den Hertog, van Ammers, and Schukking, Rec. Trav. chim., 
955, 74, 1171. 


® Steinkopf, Ber., 1909, 42, 3925. 
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phenylhydroxylamine can only be isolated as an oxidation product of its dimer (VII).® 
The related nitrile oxide, Ph-C=*N-O-, also dimerises in neutral or alkaline solution forming 
the furoxan derivative (VIII).’ 


R’. +,0° — 


+07 - +,0 CH=N~ Ph-C= 
| R,C=N0, <> R,C-N7, ‘Ph - 
R, +f R R No 
N Vv /OH Ph-C=N 
& (V) (V1) CH,-No 
(IV) wi (VIII) 


Irradiation of a A!-pyrroline l-oxide (IV; RK = Me, R’ = H) did not lead to any 
dimeric product but gave instead the oxaziran; ® however, treatment w oe! sodamide in 
liquid ammonia yielded a compound (IX; R = Me, R’ = H) in which a 2: 2’-linkage has 
been established: (IX) is then the direct analogue of (VII). 

Earlier work on the action of bases on the A!-pyrroline l-oxides had shown them to 
undergo aldol-type reactions (preceding paper) and with the oxide (IV; R = R’ = Me) 
the action of triphenylmethylsodium gave rise to the bi-compound (X; R = R’ = Me). 
When sodamide in liquid ammonia was used an isomeric product was obtained whose 
infrared spectrum exhibited bands at 3170 and 1603 cm.", indicating the presence of a 
hydroxyamino- and a nitrone group, though the position of the longer-wavelength band 
suggested a 2-substituted nitrone (cf. IX) rather than the unsubstituted system (X).? 
Aerial oxidation of this isomeric product in the presence of cuprammonium ion gave a 
dinitrone different from that obtained under similar conditions from the bi-compound 
(X; R=R’=Me). As the 4-methyl group (R’ in IV) might have been the cause of 
isomerism attention was turned.to 5: 5-dimethyl-A!-pyrroline l-oxide (IV; R= Me, 
R’ = H): treatment with triphenylmethylsodium or with sodamide in liquid ammonia 
again gave isomeric products, each product being shown to be a nitrone-hydroxylamine 
on the basis of ultraviolet and infrared spectral evidence and its ability to reduce the 
triphenyltetrazolium chloride reagent. The triphenylmethylsodium product exhibited 
an infrared band at 1575 cm.* indicative of an unsubstituted nitrone, whilst the sodamide 
product absorbed at 1611 cm. as expected of a 2-substituted nitrone. Oxidation of 
each product either aerially in the presence of cuprammonium ion or by potassium ferri- 
cyanide gave the corresponding dinitrone: the triphenylmethylsodium product then 
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showed infrared bands at 1603 and 1570 cm. to be expected of an unsubstituted and a 
2-substituted nitrone whilst the sodamide product exhibited a pronounced bathochromie 
shift to 1509 and 1503 cm. suggestive of an «-dinitrone system ~O-N*=C-C=*N-O-. The 
ultraviolet spectra showed analogous changes: thus, the triphenylmethylsodium product 


* Kalle and Co., D.R.-P. 87972 (Friedlander, 1894/97, 4, 49); von Pechmann, Ber., 1897, 80, 2461; 
Bamberger, Ber., 1900, 38, 941; Hellmann and Teichmann, Chem. Ber., 1956, 89, 1134. 

7 Werner and Buss, Ber., 1894, 27, 2193; Wieland and Semper, Ber., 1906, 39, 2522 

® Bonnett, Clark, and Todd, Part III, J., 1959, 2102. 

® Rogers, J., 1955, 769; Snow, J., 1954, 2588. 

10 Thesing and Mayer, Annalen, 1957, 609, 46. 
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had maximum absorption at 237 my (e 16,500) as expected of two isolated nitrone functions, 
whereas for the «-dinitrone system of the sodamide product it was at 331 my (e 18,500). 


H,— CH CH,— CH 
Me Me f : Tie Me, | ’ ! : 
Me, Me, Me-Czo Cc’ —————C ozC'Me 
N N vr ‘\ 
' 1 O,N NO, 
HO (XII) «= OH (XIV) 
Me M Me 4 
Me Me — pm 
Me\y+ +7/Me MeQ+ Me, Me,\ +7/Me 
N N N N N 
é- b- 1 Me ! Me ‘¢ 
@) HO .@) 
(XV) (XVI) (XVII) (XVII1) 


The nuclear magnetic resonance spectra were complex, but only the nitrone-hydroxylamine 
dimer from the triphenylmethylsodium reaction showed any evidence of a uniquely 
situated hydrogen atom. 
On the basis of this evidence we assign structure (IX; R= Me, R’ = H) to the 
sodamide product, and (X; R= Me, R’ = H) to the triphenylmethylsodium product. 
The assignment (IX) is confirmed by the reactions 
100 described below. 
Reduction of the products (IX and X; 
R = Me, R’ = H) with aqueous sodium boro- 
hydride gave the bishydroxylamines, further 
reduction of which by zinc and hydrochloric acid 
gave the 2: 2’-bipyrrolidinyl (XI) and the 2: 3’- 
bipyrrolidinyl (XII). As expected, electrometric 
0 titration of the former disclosed two groups of 
100F different basicity (pK,, 6-95; pK,» 10-3), whereas 





(a) 








Ds ( the latter gave a single value (pK, 9-2). 
t d) Addition of methylmagnesium iodide to the 
S a-dinitrone derived from the 2: 2’-bi-compound 
& WK | (IX; R= Me, R’ = H) gave the bishydroxyl- 
° amine (XIII), almost certainly as the racemic 
x rather than the meso-product. Oxidation of 
160 - 5-nitrohexan-2-one with ammonium persulphate!! 
gave 5 : 6-dimethyl-5 : 6-dinitrodecane-2 : 9-dione 
(c) (XIV) whose reduction with zinc dust and ammon- 
ium chloride? gave a mixture of two nitrones, 
UY A, m. p. 150°, and B, m. p. 160—170°, one 


being (XV) and the other (XVI); addition of 
methylmagnesium iodide to each gave the 
1 n nl corresponding bishydroxylamine A* and B* 

400 200-1000 800 600 = (presumably XIII and XVII). Neither was 
frequency Gm? identical with the isomer obtained from the 

Infrared spective of wy ge pepe (a) «-nitrone corresponding to (IX; R = Me, 
Aa yee jaan at. ph “o) er R’ =H). The oxidative dimerisation to give 
structure A*, (XIII) derived from (XV). the dinitro-diketone (XIV) would presumably 
give the meso-product and hence the bis- 

hydroxylamine (XIII) derived from it by way of the nitrone (XV) would be meso whereas 
the isomer (XIII) derived from our dimerisation product (IX) would be the racemic 
isomer. The infrared spectra of A* and of (XIII) derived from (IX) were closely similar, 











11 Shechter and Kaplan, /. Amer. Chem. Soc., 1953, 75, 3980. 
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each differing somewhat in the fingerprint region from that of B* (see Figure). On this 
basis we assign structure (XIII) to A* and (XVII) to B*. On aerial oxidation both isomers 
(XIII) underwent cleavage to yield the same nitrone (XVIII),? this reaction being formally 
analogous to the cleavage of «-glycols by sodium metaperiodate. Aerial oxidation of 
(XVII) also gave the mononitrone (XVIII). 

The function of the sodamide in the dimerisation of the pyrroline oxides (IV) to (IX) is 
uncertain. On occasion the use of sodamide gives aldol-type products * and in the present 
instance, with the compound (IV; R = Me, R’ = H), a change of solvent from liquid 
ammonia to triethylamine led from the exclusive formation of the 2: 2’-compound (IX; 

R = Me, R’ = H) to the concurrent formation of some of the 
2 : 3’-compound (X; R= Me, R’=H). In both solvents the 


Me, NZ Sn Me, nitrone-hydroxylamine (IX; R= Me, R’ = H) underwent, in 
o- (X1x) Part, the loss of the elements of water, the nitrone-pyrroline 


(XIX) being also isolated. The direct linkage of aldehydic carbon 
atoms under basic conditions has been observed in the conversion of hydrobenzamide 
into amarin in the presence of potassamide,!* and the removal of the aldehydic hydrogen 
atom under such conditions occurs in the formation of nitriles from O-esters of aromatic 
anti-aldoximes.4* Whether or not the réle of sodamide in the dimerisation of the nitrone 
(IV) to (IX) is proton-abstraction has yet to be determined. 


EXPERIMENTAL 


Dimerisation of 4: 5: 5-Trimethyl-A}-pyrroline 1-Oxide with Sodamide in Liquid Ammonia.— 
The pyrroline oxide (12-7 g.) in liquid ammonia (50 ml.) was added to a solution of sodamide 
(from 4-6 g. of sodium) in liquid ammonia (300 ml.). The solution was left overnight in a 
well-insulated flask, then excess of sodamide was decomposed by adding first ammonium 
chloride (10 g.), then water (125 ml.). After evaporation of ammonia, the aqueous solution 
was filtered and extracted with chloroform (4 x 50 ml.). Evaporation of the dried (Na,SO,) 
chloroform extract and recrystallisation of the residue from chloroform-light petroleum gave 
the 2: 2’-dimer, 2-(1’-hydroxy-4’ : 5’ : 5’-trimethylpyrrolidin-2’-yl)-4 : 5 : 5-trimethyl-A!-pyrroline 
l-oxide (IX; R = R’ = Me) (3-6 g., 28%) as colourless rods, m. p. 176—177° (Found: C, 66-3; 
H, 10-1; N, 11-2. C,gH,,O,N, requires C, 66-1; H, 10-3; N, 11-0%), Amax. (in 95% ethanol) 
233 muy (e 13,400), vax, (mull) 3170, 1603 cm.*?. 

Oxidation of 2: 2’-Dimer.—The above dimer (0-5 g.) was dissolved in water (100 ml.) and 
ammonia (5 ml.; d 0-880) containing copper sulphate (50 mg.) and oxidised by passing a stream 
of air through the solution for 3 hr. The product was extracted with chloroform (3 x 25 ml.), 
and the crude solid obtained on evaporation of the chloroform extract was recrystallised from 
chloroform-low-boiling light petroleum to give a dinitrone, 4: 5:5: 4’: 5’: 5’-hexamethyl- 
bi-A!-pyrrolin-2-yl 1: 1’-dioxide, as colourless rods, m. p. 160° (Found: C, 66-9; H, 10-0; 
N, 11-4. C,,H,sO,N, requires C, 66-7; H, 9-5; N, 11-1%), Amax, (in ethanol) 332 my (e 9100), 
Vmax. (mull) 1504 cm.*}. 

Dimerisation of 5: 5-Dimethyl-A'-pyrroline 1-Oxide with Sodamide in Liquid Ammonia.— 
The pyrroline oxide (10-0 g.) was treated with sodamide (from 2-0 g. of sodium) in liquid ammonia 
(300 ml.) as described for the 4:5: 5-trimethyl compound. After addition of ammonium 
chloride and water to the reaction mixture and evaporation of ammonia, the aqueous solution 
was extracted with chloroform. Evaporation of the chloroform extract gave a thick oil which 
crystallised when stirred with light petroleum. Recrystallisation from chloroform-light 
petroleum gave colourless needles of the 2: 2’-dimer, 2-(1’-hydroxy-5’ : 5’-dimethylpyrrolidin- 
2’-yl)-5 : 5-dimethyl-A'-pyrroline 1-oxide (IX; R = Me, R’ = H) (4:9 g., 49%), m. p. 177° 
(Found: C, 63-5; H, 9-9; N, 12-6. C,,H,.O,N, requires C, 63-8; H, 9-7; N, 12-4%), Amax. 
(in 95% ethanol) 235 my (e 10,500), vmax, (mull) 3190, 1611 cm.7. 


12 Brown, Clark, Sutherland, and Todd, preceding paper. 

13 Strain, J. Amer. Chem. Soc., 1927, 49, 1558. 

144 Vermillion and Hauser, J. Org. Chem., 1941, 6, 507; Hauser and Hoffenberg, ibid., 1955, 20, 
1535. 
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In experiments using a larger proportion of sodamide (from 4-6 g. of sodium) the pyrroline 
oxide (10 g.) gave none of the above 2 : 2’-nitrone-hydroxylamine dimer, but instead the nitrone- 
pyrroline, 5:5: 5’: 5’-tetramethyl-2 : 2’-bi-A!-pyrrolinyl 1l-oxide (XIX) was obtained in 10— 
20% yield. After sublimation at 90°/1 mm. and crystallisation from low-boiling light petroleum 
it formed colourless plates, m. p. 83° (Found: C, 69-4; H, 10-0; N, 13-5. C,H. ON, requires 
C, 69-2; H, 9-6; N, 135%), Amax. (in 95% ethanol) 224 and 285 my (< 2100 and 11,100), vax 
(mull) 1568 and 1542 cm.*}. 

Oxidation of 2: 2’-Dimer (IX; R = Me, R’ = H).—Aerial oxidation of the above dimer 
(1-0 g.) in’ water (50 ml.) and ammonia (5 ml.; d 0-88) containing copper sulphate (0-2 g.) 
afforded 5:5: 5’: 5’-tetramethyl-2 : 2’-bi-A-pyrrolinyl 1: 1’-dioxide as colourless plates (from 
chloroform-light petroleum) (0-9 g.), m. p. 162° (Found: C, 64-0; H, 9-3; N, 12-3. C,H O.N, 
requires C, 64-2; H, 8-9; N, 125%), Amax. (in 95% ethanol), 250—254 (< 3200) and 331 mu 
(e 18,500), vmax (in chloroform) 1509, 1503 cm.7}. 

Reduction of this dinitrone (0-1 g.) with sodium borohydride (0-1 g.) in water (2 ml.) gave 
the bishydroxylamine 1: 1’-dihydroxy-5: 5: 5’ : 5’-tetramethyl-2 : 2’-bipyrrolidinyl (0-07 g.) as 
colourless needles, m. p. 163° (Found: C, 62-9; H, 10-2; N, 12-6. C,,H,,0,N, requires C, 63-1; 
H, 10-5; N, 12-3%), vmax. (mull) 3260 cm.7}. 

Borohydride Reduction of 2: 2’-Dimer (IX; R = Me, R’ = H).—The dimer (1-0 g.) and 
sodium borohydride (0-7 g.) were dissolved in water (15 ml.) and the solution was left at room 
temperature for 48 hr. The solid which had crystallised was collected, the filtrate was extracted 
with ether, and the solid and the product of ether-extraction were combined. Recrystallisation 
from ethanol gave the bishydroxylamine, previously obtained by reduction of the dinitrone 
identified by its m. p., mixed m. p. 163°, and by comparison of infrared spectra. 

5:5: 5’: 5’-Tetramethyl-2 : 2’-bipyrrolidinyl (X1I).—The above bishydroxylamine (1-75 g.) 
was treated in 20% w/v aqueous hydrochloric acid (10 ml.) with zinc dust (8 g.) in portions with 
shaking during 15 min., concentrated hydrochloric acid being added as necessary to dissolve 
the excess of zinc. The solution was filtered, made alkaline with ammonia, and extracted with 
chloroform. Evaporation of the dried (Na,SO,) chloroform extract gave the crude bipyrrolidinyl 
as a viscous, extremely hygroscopic oil (1-35 g., 90%) (Found: equiv., 108, by electrometric 
titration. C,,H,,N, requires equiv., 98). The oil had pK,, = 6-95 and pK,. = 10-3. For 
analysis the product was converted into its dipicrate which crystallised from aqueous ethanol as 
yellow needles, m. p. 267° (Found: C, 44-0; H, 4:5; N, 16-5. C,,H,,N,,2C,H,O,N, requires 
C, 44-0; H, 4-6; N, 17-1%). 

Dimerisation of 5: 5-Dimethyl-A'-pyrroline 1-Oxide with Ethereal Triphenylmethylsodium.— 
A solution of triphenylmethylsodium, prepared from triphenylmethy] chloride (90 g.) and 1-2% 
sodium amalgam (1250 g.) in ether (1500 ml.), was added to a solution of the pyrroline oxide 
(35 g.) in ether (100 ml.). The mixture was left at room temperature for 48 hr., evaporated to 
700 ml., and extracted with 5n-hydrochloric acid (5 x 50ml.). The acidic extract was washed 
with ether, made alkaline by addition of excess of ammonia, and extracted with chloroform 
(6 x 40 ml.). Evaporation of the chloroform yielded a crystalline mass (ca. 20 g.), which was 
washed with ether and recrystallised from the same solvent, to give the 2: 3’-dimer (X; R= 
Me, R’ = H) (13 g., 37%), m. p. 152—153° (Found: C, 63-6; H, 10-0; N, 12-6. C,,H,,O,N, 
requires C, 63-8; H, 9-7; N, 124%), vmax (mull) 1576 cm.7}. 

Oxidation of 2 : 3’-Dimer.—A solution of potassium ferricyanide (5 g.) in water (15 ml.) was 
added dropwise to a stirred solution of the above 2: 3’-dimer (1-0 g.) and potassium hydroxide 
(1-4 g.) in water (10 ml.) at room temperature. The solution was left overnight and then 
continuously extracted with chloroform. The dried (Na,SO,) chloroform extract was 
evaporated and the residue recrystallised from chloroform-ether to give 5:5: 5’: 5’-tetra- 
methyl-2 : 3’-bi-A'-pyrrolinyl 1 : 1’-dioxide as colourless hygroscopic crystals, m. p. 140° (Found: 
C, 59-9; H, 8-7; N, 11-4. C,.H,.O,N,,H,O requires C, 59-5; H, 9-1; N, 11-6%), Amax. (in 95% 
ethanol) 237 my (e 16,500), vmax (im chloroform) 1603, 1570 cm."}. 

Reduction of the 2:3’-Dimer (X; R= Me, R’ = H) with Sodium Borohydride Sodium 
borohydride (1 g.) was added to a solution of (X; R = Me, R’ = H) (1 g.) in water (5 ml.) and 
set aside for 48 hr. The mixture was filtered, the filtrate extracted with chloroform, and the 
extract dried (Na,SO,) and evaporated. The white crystalline residue of 1: 1’-dihydroxy- 
5:5: 5’: 5’-tetramethyl-2 : 3’-bipyrrolidinyl was recrystallised from ether-light petroleum and 
then had m. p. 132—133° (Found: C, 62-9; H, 11-0; N, 12-4. C,,H,,0O,N, requires C, 63-1; 
H, 10-5; N, 12-3%). 
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5:5: 5’: 5’-Tetramethyl-2 : 3’-bipyrrolidinyl (XII).—To the preceding bishydroxylamine 
(0-5 g.) in 20% w/v hydrochloric acid (10 ml.) zinc dust (3 g.) was added with shaking. After 
40 hr. some zinc was still undissolved, so concentrated hydrochloric acid (5 ml.) was added, and 
the mixture heated on the steam-bath for 4 hr., cooled, and filtered. The filtrate was made 
strongly alkaline with sodium hydroxide and extracted with chloroform, and the extract dried 
(Na,SO,) and evaporated. The bipyrrolidinyl remained as a colourless viscous oil (0-36 g., 83%) 
which was purified by short-path distillation. It was extremely hygroscopic and in air gave a 
dihydrate, m. p. 38° (Found: C, 62-3; H, 12-5; N, 120%; equiv., 116. C,,H,,N,,2H,O 
requires C, 62-0; H, 12-1; N, 12:1%; equiv., 116). The infrared spectrum of the dihydrate 
had bands corresponding both to OH and NH groupings; the base had a single pK, 9-2. 

Dimerisation of 5 : 5-Dimethyl-A'-pyrroline 1-Oxide with Sodamide in Triethylamine.—The 
pyrroline oxide (9-0 g.) was added to a suspension of sodamide (1-5 g.) in triethylamine (30 ml.). 
The mixture was stirred at room temperature for 18 hr., water (5 ml.) added, and the triethyl- 
amine evaporated. The residue was dissolved in water (15 ml.), and the solution extracted 
with chloroform (5 x 30ml.). The dried (MgSO,) chloroform extract was evaporated to an oil, 
which crystallised when stirred with pentane. Recrystallisation from light petroleum con- 
taining a little chloroform gave the 2: 3’-dimer (X) (2-2 g., 24%), shown by comparison of 
infrared spectra and by the m. p. and mixed m. p. (152—153°) to be identical with that formed 
by the action of triphenylmethylsodium. 

The pentane mother-liquors from the crystallisation of this compound were chromatographed 
on alumina (2 x 20cm.), and the column was eluted with benzene-chloroform (1:1). Evapor- 
ation of the eluate yielded a solid which on sublimation at 90°/1 mm. gave the 2: 2’-nitrone- 
pytroline (XIX) (1-5 g., 18%), identified by the m. p. and mixed m. p. (82—83°) and by 
comparison of its infrared spectrum with that of the product formed in the presence of excess 
of sodamide. 

1: 1’-Dihydroxy-2: 5:5: 2’: 5’; 5’-hexamethyl-2 : 2’-bipyrrolidinyl (XIII).—The dinitrone 
corresponding to (IX; R = Me, R’ =.H) (2-2 g.) in benzene (100 ml.) was added dropwise to 
methylmagnesium iodide (from 2-0 g. of magnesium) in ether (150 ml.) under reflux. The clear 
solution was heated for 2 hr., then cooled and excess of Grignard reagent decomposed by aqueous 
ammonium chloride (10 g. in 100 ml.). The organic layer was separated and evaporated under 
reduced pressure. The residue was distributed between water (50 ml.) and ether (50 ml.), and 
the ethereal layer evaporated. Recrystallisation of the residue from aqueous methanol gave 
the bishydroxylamine (XIII) (0-4 g.) as colourless leaflets, m. p. 122° (Found: C, 65-6; H, 11-3; 
N, 10-7. C,,H,,O,N, requires C, 65-6; H, 11-0; N, 10-9%), vmax. (mull) 3400 cm.7. 

Oxidative Fission of Bishydroxylamine (XIII).—The above bishydroxylamine (0-28 g.) was 
dissolved in 50% aqueous methanol (50 ml.), a solution of copper sulphate (20 mg.) in ammonia 
(2 ml.; d 0-880) added, and air bubbled through the solution for 2 hr. Evaporation below 60° 
gave a syrup, and this was dissolved in methylene chloride (20 ml.). The dried (K,CO,) 
solution was evaporated, and the residue treated with a slight excess of ethanolic picric acid. 
The precipitate recrystallised from ethanol as lemon-yellow needles (0-1 g.) of 2 : 5 : 5-trimethyl- 
A}-pyrroline 1l-oxide picrate, identified by comparison of infrared spectra and by its m. p. and 
mixed m. p. (98° *) (Found: C, 44-3; H, 4:7; N, 15-3. Calc. for C\sH,,O,N,: C, 43-8; H, 4-5; 
N, 15-7%). 

Oxidative Dimerisation of 5-Nitrohexan-2-one.—A solution of the nitrohexanone ¥ (120 g.) 
in ethanol (80 ml.) and 3N-aqueous sodium hydroxide (250 ml.) was stirred and cooled at 0—5° 
during dropwise addition of an ice-cold solution of ammonium persulphate (195 g.) and sodium 
acetate (88 g.) in water (400 ml.). Separation of the crystalline product was complete at 0° 
overnight. It was washed with water and recrystallised from aqueous methanol as prisms 
(31 g., 26%) of 5: 6-dimethyl-5 : 6-dinitrodecane-2 : 9-dione, m. p. 88° (Found: C, 50-1; H, 7-3; 
N, 9-6. C,,H.O,N, requires C, 50-0; H, 7-0; N, 9-7%), Vmax, (mull) 1720, 1547 cm.*. 

Reduction of 5: 6-Dimethyl-5 : 6-dinitrodecane-2 : 9-dione.—The dinitro-dione (7-0 g.), zinc 
dust (14 g.), and ammonium chloride (2 g.) were shaken together in 50% aqueous ethanol 
(120 ml.) at room temperature for 6 hr. The mixture was filtered and the filter cake washed 
with warm water (3 x 25 ml.). The combined filtrate and washings were evaporated below 60° 
toasyrup. This was dissolved in methylene chloride (50 ml.), and the dried (K,CO,) solution 
was passed through a short column of magnesium carbonate (5 g.), concentrated to 5 ml., and 
treated with ether (100 ml.). After 24 hr. the crystals which had separated were collected and 


15 Shechter, Ley, and Zeldin, J. Amer. Chem. Soc., 1952, 74, 3664. 
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recrystallised from methylene chloride-ether, to give pinkish prisms (1-9 g.) of crude dinitrone 
B, m. p. 160—170° (decomp.). This could not be purified further by crystallisation. 

The dipicrate was prepared in ethanol and recrystallised therefrom as pale yellow needles, 
m. p. 190° (Found: C, 42-5; H, 4-0; N, 16-5. C,.,H,,0,.N, requires C, 42-2; H, 3-8; N, 16-4%). 
The pure base B (3:4: 4a:7: 8: 8a-hexahydro-2 : 4a: 6: 8a-tetramethyl-1 : 5-diazanaphthalene 
1 : 5-dioxide) (XVI) was regenerated from the picrate by decomposition with aqueous lithium 
hydroxide and continuous extraction with methylene chloride; it crystallised from benzene— 
ether as hygroscopic prisms, m. p. 194° (Found: C, 64-3; H, 8-7; N, 12-5. C,H 9O.N, 
requires C, 64-3; H, 9-0; N, 12°5%), Amax. (in 95% ethanol) 234 mu (¢ 16,500), vmax, 1611 cm."?. 

The combined methylene chloride-ether mother liquors from the crystallisation of crude 
dinitrone B were evaporated to a gum which was treated in ethanol (10 ml.) with an excess of 
ethanolic picric acid. The crystals which separated recrystallised from ethanol to give dinitrone 
A monopicrate (1-15 g.) as yellow needles, m. p. 188° (Found: C, 47-7; H, 49; N, 15-1. 
C,,H,,0,N, requires C, 47-7; H, 5-1; N, 15-5%). This picrate (1-0 g.) was passed in methylene 
chloride (50 ml.) through a column of alumina (25 g.). Pure dinitrone A (2:5: 2’: 5’-tetra- 
methyl-5 : 5’-bi-A}-pyrrolinyl 1: 1’-dioxide) (XV) was eluted with methylene chloride (300 ml.) 
and crystallised from methylene chloride—ether as colourless prisms (0-4 g.), m. p. 150° (Found: 
C, 64-0; H, 8-9; N, 12-5%), Amax. (in 95% ethanol) 231 muy (e 16,799), vmx (mull) 1603 cm.}. 

Addition of Methylmagnesium Iodide to Dinitrones A and B, and Oxidative Fission of 
Products —(a) Crude dinitrone B,m. p. 160—170° (decomp.) (0-67 g.), was treated with 
ethereal methylmagnesium iodide (from 0-6 g. of magnesium) as described in the analogous 
preparation of (XIII). The products were distributed between water (50 ml.) and ether 
(50 ml.), and the ethereal layer was evaporated. Recrystallisation of the residue from aqueous 
methanol gave the bishydroxylamine B* (1: 5-dihydroxy-2:2:4a:6:6: 8a-hexamethyl-1 : 5- 
diazadecalin) (80 mg.) as colourless plates, m. p. 164° (Found: C, 65-5; H, 10-8; N, 10-7. 
C,,4H,,0,N, requires C, 65-6; H, 11-0; N, 10-9%), vmnax, (mull) 3420 cm.7. 

Aerial oxidation of this bishydroxylamine (80 mg.) in aqueous methanol containing ammonia 
and copper sulphate and isolation of the product as picrate yielded a crude picrate (52 mg.) 
having m. p. 92°. Repeated recrystallisation from ethanol finally gave lemon-yellow needles, 
m. p. 98°, identified by its m. p. and mixed m. p. and bv comparison of infrared spectra as 
2:5: 5-trimethyl-A!-pyrroline 1l-oxide picrate. 

(6) Dinitrone A (0-25 g.) was treated in the same way with methylmagnesium iodide (from 
0-2 g. of magnesium). The bishydroxylamine, isolated as in (a), was recrystallised from the 
minimum volume of pentane. It underwent autoxidation very rapidly and two experiments 
failed because the product was autoxidised during working up. The most successful experiment 
gave the bishydroxylamine A* (1: 1’-dihydroxy-2:5:5: 2’: 5’: 5’-hexamethyl-2 : 2’-bipyrrol- 
idinyl (20 mg.) as colourless needles, m. p. 102° (Found: C, 65-6; H, 10-8; N, 11-1%), vmax 
(mull) 3400 cm."}. 

Aerial oxidation of bishydroxylamine A* (15 mg.) in the usual way and isolation of the 
product as its picrate yielded a small quantity of lemon-yellow needles, m. p. 96°, which did not 
depress the m. p. of 2: 5: 5-trimethyl-A!-pyrroline l-oxide picrate (98°). 
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428. Experiments towards the Synthesis of Corrins. Part V1II.* The 
Reductive Dimerisation of a A1-Pyrroline 1-Oxide. Oxidative Degrad- 
ation of 2: 2’- and 2: 3'-Bipyrrolidinyl Derivatives. 


By V. M. Ciark, B. SKLARZ, and SIR ALEXANDER TODD. 


Sodium-—potassium alloy in ethylene glycol dimethyl ether reduces 5: 5- 
dimethyl-A!-pyrroline l-oxide to a_ 1: 1’-dihydroxy-2: 2’-dipyrrolidinyl. 
Oxidation by sodium metaperiodate readily distinguishes between the 2 : 2’- 
and 2: 3’-dipyrrolidiny] series. 


THE 2: 2’-dipyrrolidinyl system (I), parent of the A—pD bicyclic component of the corrins, 
can be formally regarded as the product of the reductive dimerisation of the A'-pyrroline 
(II), the relationship being analogous to that of a carbonyl compound and its correspond- 
ing pinacol. The reductive dimerisation of ketones to pinacols is readily accomplished by 
using a variety of reagents;}* moreover, electrelytic methods * can give high yields. 
The acyloin reaction > might be regarded as a related example. However, application of 
such methods to azomethines with the object of generating 1 : 2-diamines has received 
little attention though Anselmino * has recorded the reductive dimerisation of benzylidene- 
aniline to N : N’: 1 : 2-tetraphenylethane-1 : 2-diamine (III; R = R’ = Ph) using alumin- 
ium amalgam in moist ether, and Thies and Schoenenberger 7 have obtained the related 


R? R? R? 
R? wer R R? R-CH-NHR’ =, 
a! R‘ OR ; : A l R-CH— NR 
Ny yore RIN 7 R-CH-NHR (IV) 
H H (IH) 
(1) (11) 


product (III; R = Ph, R’ = Et) from benzylidene-ethylamine under the same conditions 
and by the action of éert.-butylmagnesium chloride in ether. The formation of com- 
pounds (III; R= Ph) is presumably facilitated by the stability of the intermediary 
benzyl-type radical-ion (IV; R = Ph), reduction of which by the addition of a further 
electron is slow, dimerisation supervening. Such stabilisation is absent in the aliphatic 
series and only one example of the reductive dimerisation of an aliphatic azomethine has 
been recorded, Picon § having obtained NN’-diethylbutane-2 : 3-diamine (III; R = Me, 
R’ = Et) from the action of sodium in liquid ammonia upon N-ethylidene-ethylamine. In 
our hands, sodium in liquid ammonia reduced benzylidene-ethylamine to N-ethylbenzyl- 
amine but was without action upon 2:4: 4-+trimethyl-A!-pyrroline (II; R! = H, R? 
R? = R* = Me), as was magnesium and mercuric chloride in dry benzene. Aluminium 
amalgam in moist ether reduced the A!-pyrroline (II; R! = R? = Me, R* = R* = H) to 
the corresponding pyrrolidine. 

The addition of the first electron to R-CH=NR’ gives the radical-ion (IV), addition of a 
second electron to which is facilitated by prior protonation of the N-atom, thereby prevent- 


ing the formation of the dianion, R-CH-NR’, and giving instead RCCH-NHR’. Absence 
of a proton source would be expected to favour the dimerisation of a radical-ion (IV) to 


* Part VI, preceding paper. 


Squire, J. Amer. Chem. Soc., 1951, 78, 2586. 

Newman, ibid., 1940, 62, 1683. 

Gaertner, J. Org. Chem., 1950, 15, 1006. 

Allen, J. Amer. Chem. Soc., 1951, 78, 3503. 

Prelog, Helv. Chim. Acia, 1947, 30, 1741; Stoll and Hulstkamp, ibid., p. 1815. 
Anselmino, Ber., 1908, 41, 621. 

Thies and Schoenenberger, Chem. Ber., 1956, 89, 1918. 

Picon, Compt. rend., 1922, 175, 695. 
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the dianion of (III) rather than its reduction to R-CH,-NHR’. Wilkinson and his co- 
workers ® have recently shown that liquid sodium—potassium alloys are soluble in ethylene 
glycol dimethyl ether and that such solutions convert benzyl chloride into dibenzyl and 
initiate polymerisation of isoprene, styrene, and acrylonitrile. When this aprotic reducing 
system was used the Al-pyrrolines (II; R! = R? = Me, R®= R*=H; and R'= H, 
R? = R? = R* = Me) gave oils, and in the second case the A!-pyrroline was partly 
recovered. However, the A!-pyrroline l-oxide (V) gave, in low yield, the bishydroxyl- 
amine (VI) identical with the product from borohydride reduction of the dimer (VII) 
obtained from (V) by the action of sodamide in liquid ammonia (preceding paper). 

The structure of the nitrone-hydroxylamine (VII) had been previously established, but 
confirmation was sought in the oxidative degradation of the bishydroxyamine (VI), in 
particular, by the 1: 2-glycol-splitting reagents, lead tetra-acetate and sodium meta- 
periodate. The cleavage of carbon-carbon bonds by both these reagents is not restricted 
to linked oxygenated carbon atoms, for lead tetra-acetate cleaves «-amino-alcohols !° and 
a-amino-acids, and periodate ™ has been reported to oxidise ethylenediamine ” and 
piperazine with carbon-carbon bond-cleavage. In our hands lead tetra-acetate was 
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found to oxidise ethylenediamine in glacial acetic acid at 60° and, though no formaldehyde 
was detected, N-formylethylenediamine was isolated. The diamine (III; R = Ph, 
R’ = Et) consumed two mols. of the reagent, carbon-carbon cleavage occurring with the 
formation of two mols. of benzaldehyde, isolated as the 2 : 4-dinitrophenylhydrazone. 
However, 1 : 3-diaminopropane also reacted under the same conditions and although no 
product was isolated it was apparent that lead tetra-acetate was not sufficiently selective 
as a reagent to distinguish between the 2: 2’-bipyrrolidinyl series (VI; VII) and the 
isomeric 2 : 3’-bipyrrolidinyl series (VIII; IX). 


~ Me 
t m | Pm x J, le, I le, + o~ 


« o- o- 
(X) (XI) 


O-Z+ 


Sodium metaperiodate was found to oxidise ethylenediamine (one mole per mole) to 
formaldehyde (cf. ref. 12), whilst with 1 : 3-diaminopropane there was no reaction. The 
diamine (III; R = Ph, R’ = Et) was oxidised to a mixture of benzylidene-ethylamine and 
benzaldehyde, the uptake of periodate again being one mole per mole of diamine. Periodic 
acid itself also reacted with ethylenediamine and with the amine (III; R = Ph, R’ = Et) 
although only to a small extent; with 1 : 3-diaminopropane there was again no reaction. 
The suppression of oxidation of the 1 : 2-diamines under acidic conditions accords with 

* Down, Lewis, Moore, and Wilkinson, Proc. Chem. Soc., 1957, 209. 

© Criegee, Angew. Chem., 1940, 58, 321; Leonard and Rebenstorf, J. Amer. Chem. Soc., 1945, 67, 49. 

‘t Cf. McCasland and Smith, ibid., 1951, 78, 5164; Nicolet and Shinn, ibid., 1939, 61, 1615; Bragg 
and Hough, J., 1958, 4050. 


#2 Fleury, Courtois, and Grandchamp, Bull. Soc. chim. France, 1949, 88. 
13 Wickstrom and Valseth, Ann. Pharm. frang., 1954, 12, 777. 
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McCasland and Smith’s observations “ on the aminocyclanols where the rates of oxidation 
were approximately proportional to the amount of unprotonated substrate. 

In the 2 : 2’-bipyrrolidinyl series, sodium metaperiodate oxidised the bishydroxylamine 
(VI) and the hydroxylamine-nitrone (VII) to the «-dinitrone (X), the consumption of 
periodate after 18 hr. at room temperature being 2-1 and 0-9 mole respectively. Consider- 
ably higher periodate absorption was observed in the 2: 3’-linked series (VIII) and (IX) 
(see Table), oxidation beyond the 8-dinitrone stage (XI) occurring, with the development 
of a bright blue colour: the $-dinitrone (XI) gave an immediate blue colour with periodate 
and during 12 hours the pH fell to 3 and a colourless crystalline product separated: 
analysis, spectra, and its blue melt are consistent with its being the dimer of 
4-methyl-4-nitrosopentanoic acid (XII). Periodate oxidation of the bishydroxylamine 
(VIII) and nitrone-hydroxylamine (IX) gave the same nitroso-acid (XII) together with 
the keto-nitrone (XIII) isolated as its 2: 4-dinitrophenylhydrazone, which was identical 
with that prepared from the parent nitrone (V) by oxidation with selenium dioxide.4 This 


Periodate uptake (mol.) by bipyrrolidinyl derivatives. 


Substrate After 18 hr. After 42 hr. 
2 : 2’-Series 
ER EEE: isne nncapnsdvaiarescssconspessavese 2-1 2-8 
Nitrone-hydroxylamine (VII) ..................seseeeeseees 0-9 0-98 
I ME a bradindeindriacisereiisundcectepastestrcicesas j 0 0 
2 : 3’-Series , 
NG FEIT Ons ccvinicccccsccccsscscsccscesses 4:3 48° 
Nitrone-hydroxylamine (IX) .................ssesccssceees 4-0 4-6 
EPO EEE siuiudentinsinntenipecasatareamtebeisiventn 2-3¢ 2-8°¢ 


* In aqueous dioxan. ,° Unchanged after 96 hr. * Based on dihydrate. 


2 : 4-dinitrophenylhydrazone gave a deep purple colour in alkaline solution due, presum- 
ably, to the anion (XIV). Oxidation of the hydroxamic acid, 1-hydroxy-5 : 5-dimethyl- 
pytrolid-2-one (XV) also gave the nitroso-acid (XII) with the uptake of one mol. of 
periodate. 


O,N 
CH:-CH, 2) N-it-{ No; 
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Me,C. CO3H Mex +2 = ~— L. 
NO N N N 
oOo OH 


on oxi (XIV) (XV) 
From the periodate consumption in the 2 : 2’-series and the isolation of the «-dinitrone 
(X) from both the bishydroxylamine (VI) and nitrone-hydroxylamine (VII) the first stage 
of oxidation is conversion of the secondary hydroxyamino-groups 
HO | | into nitrones; in the 2 : 3’-series the initial reactions are similar. 
| | SN Satie However, the 3’-carbon atom of the 8-dinitrone (XI) is adjacent 
Mer +2 to two nitrone groups and periodate has been shown to oxidise 
o7 (XVI) activated methylene groups," hydrogen being replaced by hydroxy], 
the normal cleavage reaction then ensuing. The course of oxid- 
ation of the 2 : 3’-compound (X1I) is consistent with oxidation to the 3’-hydroxy-derivative 
(XVI), cleavage of which gives the keto-nitrone (XIII) and the hydroxamic acid (XV), 

the latter being further oxidised to the nitroso-acid (XII). 


EXPERIMENTAL 
1: 1’-Dihydroxy-5 : 5: 5’ : 5’-tetramethyl-2 : 2’-bipyrrolidinyl (V1).—Freshly distilled 5 : 5-di- 
methyl-A!-pyrroline l-oxide (V) (5 g.) was added to a stirred suspension of sodium—potassium 
14 Cf. Brown, Clark, and Todd, J., 1959, 2105. 
on an” Utzinger and Regenass, Helv. Chim. Acta, 1954, 37, 1892; Thesing and Mayer, Annalen, 1957, 


16 Huebner, Ames, and Bubl, /. Amer. Chem. Soc., 1946, 68, 1621; Wolfrom and Bobbitt, ibid., 1956, 
78, 2489. 
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alloy (25% Na; 1-5 g.) in anhydrous ethylene glycol dimethyl ether (150 ml.) which was cooled 
in an acetone-solid carbon dioxide bath and kept under oxygen-free nitrogen. The blue colour 
of the suspension was slowly discharged and excessive cooling of the alloy was avoided by 
removing the cooling-bath at intervals. After 4 hr., only a trace of alloy remained suspended 
in the yellowish-green solution and it was destroyed by cautiously adding ethanol (10 ml.). The 
solution was then evaporated under reduced pressure to a thick paste, and water (20 ml.) was 
added. Extraction with ether gave a sticky solid which was stirred with light petroleum, and 
the crystalline product (0-5 g.) collected and recrystallised from ethanol. The bishydroxy- 
amine formed colourless needles, m. p. 163° (Found: C, 63-2; H, 10-9; N, 12-4. Calc. for 
C,,.H,,0,N,: C, 63-1; H, 10-6; N, 12-39%). It showed no depression in m. p. when mixed with 
a specimen (m. p. 163°) prepared from the corresponding nitrone-hydroxylamine (VII) by 
reduction with borohydride. 

Periodate Oxidation of Bipyrrolidinyl Derivatives (cf. Table).—(a) Estimations. In the case of 
the 2 : 2’-bipyrrolidinyl derivatives (VI, VII, X), a weighed amount (ca. 20 mg.) of the substance 
was added to sodium metaperiodate solution (0-09 g. in 10 ml.), and the mixture diluted to 
100 ml. with water, giving a clear solution [it was necessary to use 20 ml. of dioxan to bring (VI) 
into solution]. Controls were also made up with and without dioxan and aliquot parts of the 
solutions were titrated after 18 and 42 hr. with 0-0109N-sodium arsenite. 

The 2: 3’-bipyrrolidinyl compounds (VIII, IX, XI) were similarly treated but 20 ml. of 
reagent solution were used in each case. 

(b) Preparative experiments: (1) Oxidation of (VI) and (VII). The 2: 2’-bishydroxylamine 
(VI) (0-1 g.) was dissolved in methanol (6 ml.), and sodium metaperiodate (200 mg. in 2 ml.). 
added. More water (6 ml.) was added to re-dissolve a slight precipitate, and the solution was 
set aside overnight. Methanol was then removed under reduced pressure, the aqueous solution 
extracted with chloroform (6 x 10 ml.), and the extract dried (MgSO,) and evaporated; 
recrystallisation of the residue from chloroform-light petroleum gave the dioxide (X), identified 
by direct comparison with an authentic specimen (m. p., mixed m. p. and infrared spectrum). 
The same 2: 2’-dinitrone was obtained by a similar oxidation of the nitrone-hydroxyl- 
amine (VII). 

(2) Oxidation of 1-hydroxy-5: 5-dimethylpyrrolid-2-one. When aqueous sodium meta- 
periodate (0-47 g. in 5 ml.) was added to 1-hydroxy-5 : 5-dimethylpyrrolid-2-one (0-25 g.) the 
solution at once became blue and a white precipitate formed. After 18 hr. the precipitate was 
collected and recrystallised first from water and then from chloroform. The colourless 
crystalline product, believed to be the dimeric form of 4-methyl-4-nitrosopentanoic acid (XII), 
melted at 109—110° to a blue liquid (Found: C, 49-6; H, 7-6; N, 9-5. C,H,,O,N requires C, 
49-6; H, 7-6; N,9-7%); its infrared spectrum showed a band at 1720 cm.71}. 

(3) Oxidation of the 2: 3’-dinitrone (XI). On addition of aqueous sodium metaperiodate 
(0-57 g. in 4 ml.) to a solution of the dinitrone (0-135 g.) in water (1 ml.) the mixture at once 
became blue and after 2 hr. colourless crystals began to separate. After 18 hr. these were 
collected; they melted at 106—107°, giving a blue liquid. The recrystallised product was 
identical with that obtained as in (2) above (mixed m. p., infrared). 

(4) Oxidation of (VIII) and (IX). The bishydroxylamine (VIII) (0-45 g.) in dioxan (5 ml.) 
was added to aqueous sodium metaperiodate (2 g. in 10 ml.). The solution became first blue, 
then green, and after 18 hr. it was concentrated to 2 ml. and extracted with chloroform. 
Evaporation of the dried extract gave an oil containing colourless crystals. A small amount of 
chloroform was added and the crystalline material collected. It had m. p. 107—110° to a blue 
liquid and the m. p. was undepressed in admixture with the nitroso-compound prepared as in 
(2) above. 

The filtrate from the nitroso-compound was evaporated, and the dark oil dissolved in a little 
methanol and treated with 2: 4-dinitrophenylhydrazine in methanolic sulphuric acid in the 
usual way. The crude 2: 4-dinitrophenylhydrazone had m. p. 248°. The same two products 
were obtained by similar treatment of the nitrone-hydroxylamine (IX). 

The above hydrazone, recrystallised first from chloroform-light petroleum, then from chloro- 
form alone, formed orange needles, m. p. 256°, vmx 1538 cm.71, Amax (in 95% ethanol) 385 
(¢ 32,500), 266 (ec 13,800) and 219 my (e 13,300), Anin, 312 (e 4930) and 250 my (ce 12,000). With 
aqueous sodium hydroxide the substance gave a purple colour. It was identified by direct 
comparison (m. p., mixed m. p., and infrared spectrum) as the 2: 4-dinitrophenylhydrazone of 
5 : 5-dimethyl-A!-pyrrolin-3-one l-oxide (XIII) (see below). 
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Oxidation of 5: 5-Dimethyl-A}-pyrroline 1-Oxide with Selenium Dioxide.—The nitrone (V) 
(1 g.) in methanol (10 ml.) containing selenium dioxide (1 g.) was heated under reflux for 14 hr. 
The suspension was cooled, filtered (Hyflo), and evaporated, and the residue taken up in water 
(15 ml.) and continuously extracted with ether for 24 hr. The dried (Na,SO,) extract was 
passed through a column of magnesium carbonate, then evaporated to a yellow oil which was 
treated in methanol (10 ml.) with 2: 4-dinitrophenylhydrazine (1 g.) in 1:3 v/v aqueous 
methanol (20 ml.) containing concentrated sulphuric acid (2 ml.). 5: 5-Dimethyl-A}-pyrrolin- 
3-one 1-oxide 2 : 4-dinitrophenylhydrazone (XIII) separated; it had m. p. 255° after recrystallis- 
ation from ethyl acetate (Found: C, 46-7; H, 4-3; N, 22-3. C,,H,,;0;N, requires C, 46-9; H, 
4-3; N, 22-8%). 


We thaak the D.S.I.R. for a Research Studentship (awarded to B. S.) and Professor G. 
Wilkinson for the use of laboratory facilities at the Imperial College of Science and Technology 


when carrying out reductions with sodium—potassium alloy. 
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429. Fatty Acids. Part VI.* The Oxygenated Acid present in 
Camelina sativa (Crantz.) Seed Oil. 


By F. D. GuNnstonE and L. J. Morris. 


Evidence is presented for the occurrence of 15: 16-epoxylinoleic acid in 
C. sativa seed oil. 


CAMELINE oil, also known as dodder oil, German sesame oil, Leindotter6él, and Rulldl, is 
obtained from the seeds of Camelina sativa (Crantz.), syn. Myagrum sativum (Crantz.). 
This plant is widely dispersed through Europe and small amounts of the seed oil enter 
commerce. Recent chemical investigations of the oil have been reported by Swedish! and 
German workers * who in general agree about its composition. The saturated acids are 
accompanied by monoethenoid, linoleic, and linolenic acid, and as with other oils of the 
Cruciferae the monoethenoid acids include those of the Cyg, Cyg, Cop, and Cyy series. 
von Mikusch also draws attention to the presence of an oxygenated acid which we have now 
further examined. 

The oil was treated with acetic acid to hydrolyse any epoxide and, from the acids 
resulting on hydrolysis, concentrates of a dihydroxy-acid were isolated by urea-complex 
formation, partition, and chromatography. There was evidence of other hydroxy-acids 
but attention was directed mainly to the dihydroxy-acid obtained as a 55% and as a 75% 
concentrate, designated concentrate A and B respectively. 

Concentrate A in the presence of palladium-charcoal took up 2 mols. of hydrogen and 
furnished a dihydroxystearic acid (II) (42% yield) different from the known 9: 10- and 
12 : 13-threo-dihydroxystearic acids of similar melting point. Concentrate B gave the 
same product (58%). Periodate oxidation of the hydrogenation product occurred 
smoothly and gave propionaldehyde and 14-formyltetradecanoic acid (III). The latter 
was recognised, after oxidation, as pentadecanedioic acid (IV) by comparison with an 
authentic sample prepared by Arndt-Eistert bishomologation * of tridecanedioic acid, 
itself obtained by oxidation of erucic acid. The hydrogenation product must therefore be 
the hitherto unknown (+-)-15 : 16-dihydroxystearic acid (II) and in view of its melting point 
is probably a threo-isomer [cf. the values given by Huber ® for the (-+-)-7 : 8- to -12 : 13-di- 


* Part V, J., 1957, 487. 

Holmberg and Sellmann, Svensk Kem. Tidskr., 1952, 64, 270; Chem. Abs., 1953, 47, 2514. 
von Mikusch, Farbe und Lack, 1952, 58, 402; Deutsche Farben-Zeitschrift, 1952, 391. 

von Mikusch and Dylla, J. Amer. Oil Chemists’ Soc., 1954, $1, 114. 

Cf. Walker, /J., 1940, 1304. 

° Huber, J. Amer. Chem. Soc., 1951, 78, 2730. 
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hydroxystearic acids). The relation between the melting point of this acid and of its 
methyl and ethyl esters (96°, 90°, and 74° respectively) differs somewhat from those in the 
corresponding (-+-)-9 : 10- (95°, 71°, and 60°) and (—)-12 : 13-series (95°, 68°, and 62°). 


KMnO 
CHy°CH,*CHO + OHC+[CH,],5°CO,H ———t HO,C[CH,],5°CO,H 
(IIT) (IV) 
HIO, 


CHs°CH,*CH(OH)*CH(OH)*{CH,);3°CO4H 
e689) 
H,,Pd/C 
CH5*CH,*CH(OH)*CH(OH)*CHy*CH!CHCHy’CHCH-[CH,],°CO,H 


(1) 
KIO, KMnO, 
LiAIH, em HO,C[CH,),°CO,H 
(V) 





CHy*CH4*CH(OH)*CH(OH)*CHy°CHCH*CH,°CH:CH*[CH,],°CH,OH 
(VI) 
KIO,,KMnO, 





—— HO,C{CH,],,CH,OH 
(VII) 

CHy*CH,*CH(OH)*CH(OH)*CHy*CH:CH*[CH,]y*°CH:CH'CH,°CO,H (VIID 

CHg*CHy*CH(OH)*CH(OH)*[CH,]},*CH!CH*CHy*CH:CH'CHyCO,H = (IX) 


These experiments suggest that the acid probably contains two double bonds. The 
low absorption at 234 mu before isomerisation by alkali and the greater value after isomeris- 
ation are indicative of the pentadiene system —-CH:CH-CH,°CH:CH— familiar among natural 
unsaturated acids. The extinction (E£}%,) estimated to be 590 for the pure acid by 
extrapolation of values reported on p. 2130, is slightly lower than might have been expected 
from known octadecadienoic acids even after allowance for the increased molecular weight. 
Absence of absorption in the 10 p region, associated with trans-olefinic groups, suggests 
that both unsaturated centres must have the cis-configuration. 

The position of these unsaturated centres has been determined by oxidative degradation 
by the permanganate—periodate procedure of von Rudloff.’ The unsaturated acid itself 
gave azelaic acid (V) which accords with structure (I) but would also result from structures 
(VIII) and (IX). The last two are less likely in view of the ultraviolet spectrum after 
isomerisation by alkali and would be novel for unsaturated acids of lipid origin. 

A decision between these possibilities is made by labelling the carboxyl group and then 
oxidising in such a way as to retain the label in one of the oxidation products. This is 
generally done by esterification, or more satisfactorily, by extending the chain-length of the 
molecule by the Arndt-Eistert reaction. However, in this investigation, the unsaturated 
acid (I) was reduced by lithium aluminium hydride to the unsaturated alcohol (VI), and 
this was oxidised by von Rudloff’s method to 9-hydroxynonanoic acid, thereby confirming 
structure (I). The reaction was tested with oleyl alcohol which also provided a reference 
sample of the hydroxynonanoic acid. 

These experiments show that concentrates of 15 : 16-dihydroxylinoleic acid are obtain - 
able from cameline oil but do not indicate whether the compound is present as a glyceride 
in the original oil or as an epoxy-glyceride, or whether it is an artefact produced by oxid- 
ation, presumably of linolenic acid. It is considered to occur as an epoxy-glyceride for the 

* Pitt and Morton, ‘‘ Progress in the Chemistry of Fats and Other Lipids,” Pergamon Press, London, 
1957, Vol. IV, p. 228. 

7 von Rudloff, J. Amer. Oil Chemists’ Soc., 1956, 38, 126; Canad. J. Chem., 1955, 38, 1714; 1956, 
34, 1413; Lemieux and von Rudloff, ibid., 1955, 38, 1701, 1710; Jones and Stolp, J. Amer. Oil Chemists’ 
Soc., 1958, 35, 71. 

8 Whitcutt and Sutton, Biochem. J., 1956, 63, 469. 





aS WY ee 


VS ee ee PU 


\e 





(1959) Fatty Acids. Part VI. 2129 


following reasons. (i) The 15 : 16-dihydroxystearic acid (II) shows a small but real optical 
activity whereas products resulting from atmospheric oxidation would be optically inactive. 
The dihydroxylinoleic acid (I) is also optically active but since this is not pure it cannot be 
used as a basis for argument. (ii) Gold® has recently concluded that autoxidation of 
cis-olefins affords cis- and trans-epoxides and thence threo- and erythro-glycols, whilst 
trans-olefins give only trans-epoxides and thence erythro-glycols. The higher-melting and 
less soluble erythro-glycols are more easily isolated and since only a threo-glycol was obtained 
in the present work it is unlikely to have resulted by autoxidation. (iii) Evidence in 
favour of the presence of an epoxide in the original oil is based on the infrared spectra of 
the neutral oil and of the mixed esters derived therefrom by acid-hydrolysis (which would 
open any epoxide ring). The spectra of cameline oil and its ester were compared with 
those of olive oil and its ester (as a control containing no epoxide), and with those of 
Vernonia anthelmintica seed oil and its ester (as a control containing 67% of epoxyoleic 
glycerides ). The region 2-6—3-3 » was scanned since hydroxyl groups show an 
absorption band at 2-8 u attributed to the O-H stretching vibration." Olive oil showed 
slight absorption between 2-8 and 2-9 yp, possibly owing to autoxidation as the sample was 
not very fresh; the derived methyl esters showed an almost identical curve. With 
vernonia oil, on the other hand, there was very little absorption in this region, but very 
strong absorption with the methyl esters owing to the liberated glycol group. Cameline 
oil showed slight absorption in the 2-8—2-9 » region but a very much larger absorption 
after conversion into the esters. This is taken as evidence that the diol group is formed 
at this stage, presumably from epoxides. Incidentally this provides a more sensitive 
method of detecting small amounts of epoxides than the quantitative methods involving 
reaction with excess of halogen acid. 

This is now the third epoxy-acid to be reported in seed fats: 12: 13-epoxyoleic 
acid (Vernonia anthelmintica,© V. colorata,* Cephalocroton cordofanus,* and Hibiscus 
esculentus ), 12: 13-epoxylinoleic acid (Camelina sativa), and 9: 10-epoxyoctadec-12- 
enoic acid (Chrysanthemum coronarium 4). Four different plant families are included in 
this list and it seems that epoxy-acids are more widely distributed than has been recognised 
hitherto. Epoxyoleic and epoxylinoleic acids form a series and it is interesting to speculate 
on the possible natural occurrence of 9: 10-epoxystearic acid which would complete the 
series. This would give rise to 9: 10-dihydroxystearic acid and it is known that such an 
acid is present in castor oil. There is, however, no evidence that this is formed from an 
epoxide precursor * and, in addition, this natural dihydroxy-acid is of the erythro-series 
which would be derived, if at all, from the érans-epoxide whereas the natural epoxy-acids 
are cis-isomers, forming the threo-glycols. 


EXPERIMENTAL 


Fuller experimental details of some procedures are given in earlier papers by one of 
us.1013,16 Glycol values }* are expressed as percentage of dihydroxylinoleic acid, except where 
otherwise stated. 

Preparation of a Concentrate of the Unsaturated Dihydroxy-acid.—Cameline oil (32-5%) was 
obtained by extracting the crushed seeds with light petroleum (b. p. 40—60°). The oil (500 g.) 
was refluxed with acetic acid (2 1.) for 8 hr. (to hydrolyse any epoxides) and after removal 
of the acetic acid the mixed fatty acids were liberated by alkaline hydrolysis in the usual manner. 

The mixed acids (471 g.), acetylated by treatment with boiling acetic anhydride, were 
dissolved in methanol (500 ml.) and added during half an hour to a hot mixture of urea (1-4 kg.) 


* Gold, J., 1958, 934. 

10 Gunstone, /., 1954, 1611. 

11 Ahlers and McTaggart, Analyst, 1954, 79, 70. 

12 Chisholm and Hopkins, Canad. J]. Chem., 1957, 35, 358. 
13 Bharucha and Gunstone, J. Sci. Food Agric., 1956, 7, 606. 
14 Smith, Koch, and Wolff, Chem. and Ind., 1959, 259. 

18 Gunstone and Sykes, unpublished observation. 

16 Bharucha and Gunstone, J. Sci. Food Agric., 1955, 6, 373. 
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and methanol (1-81.). The mixture was kept at room temperature overnight, then filtered, and 
the filter-cake washed with cold methanol-urea solution. The acids (95-5 g.) which did not 
form a complex were removed from the filtrate by ether-extraction after dilution with water. 
(In a similar experiment, where the acetylated methyl esters were used, this fraction was shown 
to contain practically all the acetylated material.) 

Hydroxy-compounds were further concentrated by partition between 80% methanol and 
light petroleum,!* and the material in the methanol extract was hydrolysed and freed from 
unsaponifiable material, leaving the concentrate A (10-69 g., 2-3% of the mixed acids; glycol 
value 55%) (the petroleum extract contained 17-6% of the total acids by wt.). 

After repetition of the partition, samples of the aqueous methanol extract were further 
purified by chromatography. In a typical experiment the concentrate (4-17 g.), dissolved in 
a little benzene, was applied to the top of a column of silica gel (300 g.; 65 x 2-5cm., activated 
at 200°/5 mm. for 1 hr.), and fractions were removed with benzene (i), 1 : 3 ether—benzene (ii), 
3:1 ether-benzene (iii), and 1:9 methanol-ether (iv). Fraction (iii), rechromatographed 
(100 g.; 25 x 2-5 cm.), gave fractions with 1 : 3 ether—benzene (iiia), 3 : 1 ether—benzene (iid), 
1:9 methanol-ether (iiic), and 3:7 methanol-ether (iiid). Fractions iiib and c formed con- 
centrate B (0-34°% of the mixed acids). Further description of these fractions is summarised : 


Gunstone and Morris: 


Concen- 

trate A i ii iii iv | iltia iiib ilic iiid 
WEIN Snesetcoemnemnnoens -- 0-74 0-84 1-85 0-72 0-99 0-35 0-35 0-63 
Glycol value (%) ...... 55 24 64 94 | 48 74 76 -— 
E\%_ before isomern.... 139 — 94 — 35 93 62 53 -— 
E\%, afterisomern. ... 473 | — _ 247 — 121 368 489 482 -— 


Fraction iiib had [a),,2° + 6-15° (2-6% ethanolic solution, 1 dm. tube). Despite the high glycol 
value of fraction iv this material differed from the other fractions in its behaviour on alkali- 
isomerisation and on hydrogenation and was not further investigated. 

Preparation and Characterisation of (+-)-15: 16-Dihydroxystearic Acid.—Concentrate A 
(2-55 g.), at room temperature in the presence of 5% palladium-charcoal, took up 2 mols. of 
hydrogen. The product (2-43 g.), after a number of crystallisations from ethyl acetate and 
extractions with light petroleum (b. p. 60—80°), gave (+)-15 : 16-dihydroxystearic acid (1-02 g., 
42%), m. p. 96—97°, [a],,2° +3-3° (in 4% ethanolic solution; 2 dm. tube) (Found: C, 68-1; H, 
116%; equiv., 320, 319, 312. C,,H,,0, requires C, 68-3; H, 115%; equiv., 316). The acid 
was converted by the Fischer—Speier procedure into the methyl, m. p. 89-5—90-5° (Found: C, 
69-0; H, 11-5. C,,H,,0O, requires C, 69-1; H, 11-6%), and ethyl ester, m. p. 74—74-5° (Found: 
C, 69-5; H, 11-5. Cy 9HyO, requires C, 69-7; H, 11-7%). 

A portion of concentrate B (130 mg.), similarly hydrogenated, gave the same product 
(75 mg.), m. p. 92—95° (58%; 77% based on the glycol value). 

The glycol value (97% calc. as dihydroxystearic acid) of this acid (ca. 80 mg.) was deter- 
mined and the oxidation fragments were recovered. The solution was diluted with water, and 
the white precipitate was treated in aqueous acetone with excess of permanganate solution. 
The resulting mixture was decolorised by sulphur dioxide and diluted, a solid separating 
(17 mg.), m. p. 96—109°. This m. p., raised to 107—111° by crystallisation from ethyl acetate 
and from nitromethane, was depressed (92—102°) with a crude but authentic sample of 
tridecanedioic acid (m. p. 105—114°) but remained unchanged (107—112°) with pentadecane- 
dioic acid (m. p. 111—113°). 

The solution remaining after removal of the above aldehydo-acid was steam-distilled 
(50 ml.) into 2: 4-dinitrophenylhydrazine reagent. Next day this mixture which contained 
some orange precipitate was thoroughly extracted with chloroform, and the chloroform solution 
concentrated to 25 ml. and added to a 4: 1 bentonite-kieselguhr column " (7-5 g.) which was 
then eluted with chloroform. An orange oil (15 mg.) was followed by a solid (45 mg.; m. p. 
125—139°) which after several crystallisations from ethanol melted at 154—155° and was 
unchanged when mixed with a sample of propanal dinitrophenylhydrazone. The identity of 
these two was further proved by paper chromatography with two solvent systems.1*19 


17 Elvidge and Whalley, Chem. and Ind., 1955, 589. 
18 Rice, Keller, and Kirchner, Analyt. Chem., 1951, 23, 194. 
18 Buyske, Owen, Wilder, and Hobbs, ibid., 1956, 28, 910. 
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Characterisation of (+-)-Dihydroxylinoleic Acid.—The stock oxidising agent was a mixture of 
potassium periodate (22-43 g., 0-0975 mole) and potassium permanganate (0-395 g., 0-0025 mole) 
in 1 1. of aqueous solution which had to be warmed before use to effect complete dissolution of 
the periodate. 

(a) Oxidation of dihydroxylinoleic acid. Concentrate B (78 mg.) was oxidised in an aqueous 
solution (300 ml.) containing fert.-butyl alcohol (90 ml.), the periodate—permanganate reagent 
(60 ml.), and enough potassium carbonate to give a pH of 8—9. The reaction was stopped 
after 8 hr. by addition of hydrochloric acid and enough sodium metabisulphite to convert all 
periodate, iodate, and iodine into iodide. The decolorised solution was basified, the butyl 
alcohol was distilled off under reduced pressure, and the remaining solution acidified and 
continuously extracted with ether. The extract was triturated with light petroleum (b. p. 
40—60°): the soluble portion (7-1 mg.) was not identified, but the insoluble fraction (54 mg.) 
was azelaic acid (m. p. 100—104° after crystallisation from water, raised to 102—-106° when 
mixed with an authentic sample). 

(b) Preparation of dihydroxylinoleyl alcohol. A solution of the concentrate B (224 mg.) in 
anhydrous ether was added to lithium aluminium hydride (100 mg.) in the same solvent at 
such a rate that steady refluxing occurred. After 48 hr. at room temperature the mixture was 
decomposed with 4N-sulphuric acid and extracted with ether. The extract, when washed 
with carbonate solution and with water and evaporated, afforded the desired alcohol (195 mg., 
91%). 

(c) Oxidation of dihydroxylinoleyl alcohol. ‘This alcohol (75 mg.), oxidised by permanganate— 
periodate, gave a crude product (51 mg.). The portion (36 mg.) insoluble in ice-cold light 
petroleum gave 9-hydroxynonanoic acid (15 mg., 35%), m. p. 40—46° (from ethyl acetate-light 
petroleum). This m. p. was raised to 46—49° (lit.,2° 53°) and was then undepressed when 
mixed with an authentic sample. The p-bromophenacyl ester had m. p. 75—78°, slightly 
raised when mixed with an authentic sample. 

(d) Oxidation of oleyl alcohol. A similar oxidation of oleyl alcohol (268 mg.) gave nonanoic 
acid (93%), characterised as its p-bromophenacyl ester, and 9-hydroxynonanoic acid [94% ; 
m. p. 35—46°, raised to 45—51° (lit. 53°) when crystallised once from ether-light petroleum; 
p-bromophenacy]l ester, m. p. 78—79°]. 

Infrared Studies.—(a) The spectrum of fraction iiia (48% diol) obtained with a Grubb- 
Parsons GS2A double-beam grating instrument showed no evidence of appreciable absorption 
in the 10-3 p region. 

(6) Olive, cameline, and vernonia oils were neutralised by passing a chloroform solution of 
each through a column of alumina. The corresponding mixed methyl esters were prepared 
by (i) acid hydrolysis with acetic acid, (ii) alkaline hydrolysis and recovery of the mixed acids, 
and (iii) esterification with anhydrous methanolic hydrogen chloride. Spectra in the region of 
2-6—3-3 u were measured for thin films of these oils and their esters. 

Preparation of Tridecanedioic Acid.—Mixed acids (76 g.) of rape oil, crystallised from ethanol 
(200 ml.) and water (70 ml.) at 0°, gave a fraction of fairly pure erucic acid (9-3 g.; m. p. 31— 
34°, lit. 33°; I val. 73-3, theor. 75-0). This was oxidised by potassium permanganate-acetic 
acid,!® and tridecanedioic acid separated from the aqueous solution after removal of the nonanoic 
acid. After one crystallisation from ethyl acetate (m. p. 106—111°, lit., 113°) it was considered 
pure enough for further reaction. 

Preparation of Pentadecanedioic Acid.—Tridecanedioic acid (2-5 g.) was refluxed with pure 
thionyl chloride (10 ml.) for 2 hr., then volatile material was removed and the residual diacid 
chloride (2-85 g.) in pure ether (20 ml.) was added to excess of etherealdiazomethane. Nextday 
the excess of diazomethane was distilled off with ether, and the solution concentrated to 20 ml. 
The bisdiazo-ketone (1-43 g.) which separated on cooling was dissolved in anhydrous methanol 
(20 ml.) in a conical flask fitted with a dropping funnel and connected to a gas-measuring 
burette. To this solution a 10% solution of silver benzoate in triethylamine (5 ml.) was added 
in 30 min. and the mixture was stirred for a further hour. During this time nitrogen evolution 
corresponded to 90% reaction. The solution was boiled and filtered, and the solvent removed 
from the filtrate. The residue, dissolved in a little ether and washed with a little alkali and 
water, gave crude dimethyl pentadecanedioate (2-16 g., 32% overall; m. p. ca. 40°, lit. 43°). 
This was hydrolysed by aqueous alcoholic potassium hydroxide; the crude acid (1-8 g.), purified 


20 Lycan and Adams, J. Amer. Chem. Soc., 1929, 51, 625. 
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by crystallisation from ethyl acetate before and after vacuum-sublimation at 200°, had m. p. 
111—113° (lit.,22 115°). 
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430. An Additive Function of Entropy of Boiling, and the Pre- 
diction of Latent Heat of Vaporisation and Vapour Pressure of Liquids. 


By Leo H. THomas. 


An additive function of entropy of vaporisation is presented by means of 
which latent heat and vapour-pressure data of a given substance can be 
evaluated from a knowledge of its b. p. only. The treatment also leads toa 
plausible correlation of molecular structure and internal order in the liquid 
state. 


rue molar entropy of boiling, AS, of non-associated liquids at a given vapour pressure is 
approximately constant. The generalisation breaks down, however, for substances of 
high b. p., which have high values of AS, and for those of low b. p. and molecular weight, 
for which AS is very low. Attempts have been made to make AS more nearly constant 
by expressing it as a function of b. p.,! and Hildebrand ? compared substances at temper- 
atures corresponding to the same molecular concentration of vapour. The latter is 
generally assumed to be the more successful modification, but it is shown below that the 
two approaches are really equivalent, and therefore subject to the same limitations. 

A theoretical examination of Hildebrand’s and Trouton’s rules requires the former to 
lead to more constant AS values. There is no doubt that substances whose molecules 
permit of a degree of internal order in the liquid state tend to exhibit high AS values,” 
and a quantitative comparison of substances in terms of different degrees of internal order 
becomes possible if we choose a valid reference state characteristic of liquids of low internal 
order The difficulty lies in the fact that, owing to our inadequate knowledge of the liquid 
state, such a choice must be semi-empirical and arbitrary. 

According to Pitzer,‘ the entropy of “‘ perfect liquids ’’ (heavier inert gases and methane; 
H,, He, and to a lesser extent Ar, being excluded from quantum considerations) should be 
the same at corresponding states. This is indeed the case, and Pitzer and Guggenheim,°* 
have shown that N,, O,, and CO conform fairly closely. For imperfect liquids, however, 
AS values differ greatly when compared at, say, the same reduced temperature, and increase 
rapidly with increasing liquid complexity.® 

Imperfect liquids have been compared under the following conditions: (1) Staveley and 
Tupman? proceeded on the basis of Hildebrand’s rule, and constructed a “ reference 
entropy of vaporisation curve’’ from monatomic and ‘‘ very symmetrical’’ molecules 

1 Partington, “‘ An Advanced Treatise on Physical Chemistry,’’ Vol. 2, Longmans, Green and Co., 
London, 1951. 

2 Hildebrand, J. Amer. Chem. Soc., 1915, 37, 970; J. Chem. Phys., 1939, 7, 233. 

, Hirschfelder, Curtiss, and Bird, ‘‘ Molecular Theory of Gases and Liquids,’’ Wiley, New York, 

* Pitzer, J. Chem. Phys., 1939, 7, 583. 

5 Pitzer and Guggenheim, ibid., 1945, 18, 253. 

Table 1) e.g., Pitzer, Lippmann, Curl, Huggins, and Petersen, J. Amer. Chem. Soc., 1955, 77, 3433 
; 7 Staveley and Tupman, /., 1950, 3597. 
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(Hg, Ar, Kr, Xe, CH,, GeH,, CMe,, SiMe,, and CCl,), and AS values lying above the curve 
were interpreted in terms of different degrees of internal order or of restriction of molecular 
rotation. (2) Pitzer * concluded from theoretical considerations that comparison should 
be made at a constant ratio of vapour volume to liquid volume (a condition obeyed, of 
course, by the inert gases at corresponding states), and if this is correct, Hildebrand’s rule 
is applicable only to substances of identical molar volumes in the liquid state. 

Values of AS under these two different conditions for a number cf substances are 
presented in Table 1, along with the values under ‘‘ Trouton conditions.’’ I calculated 


TABLE 1. 
AS (cal. mole deg.~*) AS (cal. mole deg.-) 
V,/V; logy T/p Atv.p.= ; VeVi log,, T/p At v. p. = 

Substance 3125 (mm.)=05 100mm. Substance = 3125 (mm.)=0-5 100mm. 
3 ESS 26-0 22-9 ae 27-1 23-5 
ae 26-0 23-7 Mae -axccss 26-7 22: 
GeH, - 25-7 23-8 CAPT <csese 27-1 23-3 
Ged, 20.00. 26-7 * 24-5 

CFCI-CF,... 27-8 * 26-4 
CMe, ....0. 26-5 25-7 CCl,:CCi,... 26-9 * 27-0 
Sidie, ...... 26°5 25-9 CF,°CH, ... 28-4 * 26-9 
SnMe, ...... 26-9 26-7 CF,Cl-CH, 27-9 * 26-9 

CCl,-CH ... 26-9 * 26-6 
2 27-9 26-8 26-6 -CHCIF, ... 28-5 * 27-1 
- ae 27-3 28-2 25-6 CHCLY ... 28-3 * 27:3 
ene 26-8 26-4 27-7 * 27:3 
co: eee 26-2 26-0 CH,°CHF, 28-7 * 27-4 
~~. aa 27-3 27-4 CH,-CHCl, 27-5 * 27-1 

CH,-CF, ... 27-8 * 25-8 
sa catiles 26-5 28-1 24-2 CH,:CCl,... 27-1 * 26-5 
Sa ; 26-4 27-6 26-3 CF,-CHCl 27-8 * 26-7 
ee, ee 27:1 27-9 * 27-4 CCl,:-CHCl 27-1 * 26-9 
_ eee 27-1 27-2 27-8 CHES excess 27-9 * 26-0 

CFO, .s. 27-2 * 25-9 
A) 28-6 27-6 * 27-4 COs accie 27-1* 26-4 
C.H.Ci.... 28-7 27-2 * 27-4 
C,H,Br ... 28-7 27-0 * 27-4 
ee 28-8 27-0 * 27-6 

* Values calculated from cquation (4). 

ee 26:3 28-3 26:3 +{ Vapour pressures from refs. 128 and 129 of 
fee 26-1 28-5 * 26°6 Tables, respectively. 
ere 27-2 28-4 * 27-1 
2 ae 27-0 28-6 * 26-7 
CHL ...... 26-9 27-7 26-5 
CH. Br ...... 27-0 27-6 26-7 
CA exces 26-7 26-9 * 26-3 


them by either of two methods, viz., (1) first ascertaining, after the manner used by Pitzer 
and Hildebrand, the vapour pressure when V,/V, or log 7/p has the required value, but 
then utilising my F and AS* values (below) in order to arrive at more accurate correspond- 
ing values of AS than some previously reported; (2) from F and the b. p. as described 
on p. 2135. Such values have the advantage of being calculated under conditions such that 
(a) departure from ideal-gas behaviour on the part of the vapour can be ignored (corre- 
sponding vapour pressures for the Hildebrand procedure varying from 17 mm. Hg for N, 
to 125 mm. for I,, and for the Pitzer procedure from 39 to 128 mm.), and (b) the three 
procedures can the more readily be compared. The following points are relevant: 

(i) The tendency of AS to increase with b. p. is still apparent under Pitzer’s conditions 
(highest values shown by halogeno-benzenes). (ii) Under Hildebrand’s conditions, the 
AS values for the tabulated 15 fluoro-compounds are significantly higher (including the 
case of CF, of zero dipole moment) than the values for the corresponding chlorides by 
~2°%, for each replacement of Cl by F. AS values for 9 bromine compounds (data for the 








2134 Thomas: An Additive Function of Entropy of Boiling, and the 


additional compounds tabulated in Tables 5 and 6 but not reproduced in Table 1 being 
used) on the other hand show no significant difference from the corresponding 9 chloro- 
compounds. Six iodo-compounds appear to give values ~1% lower per unit replacement 
than the AS for chlorine compounds, giving an order F : Cl: Br: I = 1-02: 1-00: 1-00: 0-99. 
Under Trouton’s conditions, the above order is reversed, giving F:Cl:Br:I = 
0-99 : 1-00: 1-01: 1-02. Choice of Pitzer’s basis of comparison leads to values of AS show- 
ing no significant difference from one halogen type to another. Any conclusions reached 
as to the extent of order in any of the above substances in the liquid state are likely, 
therefore, to be unreliable and may arise solely from an arbitrary basis for comparison. 
Hence it is conceivable that the high AS values of fluorine compounds when compared 
under Hildebrand’s conditions could arise from their markedly higher volatility (by an 
‘‘ over-correction ”’ for the dependence of AS on b. p.). 

(iii) The fact that the tetrahydrides have lower AS values than those of the ‘‘ globular ”’ 
tetramethyl compounds is to be expected on the basis of their closer approximation to 
‘ perfect liquids.’’ It is difficult, however, to account on this same basis for the fact that 
the tetrahalides (under Hildebrand’s conditions) have still higher AS values—higher in 
fact than for such flexible and non-spherically-symmetrical substances as, e.g.: CMe,°CH,Me, 
AS = 263; CHMe,°CHMe,, AS = 26-4; CMe,°CHMe,, AS = 26-4; CHMe,*CMe,-CH,Me, 
AS = 26:3; CH,Me-CMe,°CH,°CH,Me, AS = 26-6. It is difficult to believe that restriction 
of rotation in the spherically symmetrical molecules of the tetrahalides is greater than for 
such flexible hydrocarbons. Indeed, it appears ® that rotation of the molecules of CCl, 
occurs, not only in the liquid state, but even in the solid state. Again, in the same way, 
the average of the AS values for O,, N,, and CO (27-0), believed by Pitzer and Guggenheim 
to approximate closely to perfect-liquid behaviour, should be compared with the values for, 
say, m-pentane (26-9) and n-hexane (27-1)—all figures calculated on the basis of Hilde- 
brand’s rule. 

(iv) Comparison (again under Hildebrand’s conditions) of data for carbonyl compounds 
with paraffins of the same chain length and degree of branching shows the latter to be 
uniformly lower, e.g.: CH,Me*CH,*CHO, AS = 27-9; CHMe,°CH,°CO-CH,°CHMe,, AS = 
28-1; CH,Me*CH,Me, AS = 26:7; CHMe,°CH,°CH,°CH,*CHMe,, AS = 27°3. 

(v) As pointed out by Staveley and Tupman,’ comparison under Pitzer’s conditions 
likewise leads to surprising conclusions; ¢.g., it was pointed out that ethyl acetate has a 
higher value of AS than water and ammonia in spite of the undoubtedly high degree of 
order arising from hydrogen-bond formation in the latter substances. 

It is seen therefore that conclusions regarding relative order in liquids depend on the 
choice of comparison conditions and are not self-consistent, neither procedure used at 
present for imperfect liquids giving similar values of AS for substances having similar shape 
and therefore expected to exhibit similar degrees of molecular ordering. 

In the absence then of an acceptable reference state, I attempted a new approach via 
structural contributions, in the hope that any departure from additivity could be inter- 
preted in terms of degree and type of internal molecular order. As an empirical observ- 
ation it immediately became apparent that, for substances incapable of rotational isomer- 
ism, the function F = ZT/E, where Z is the molecular number (sum of atomic numbers 
of constituent atoms) and E/T = RTd log, p/dT at a given vapour pressure #, is additive 
for the various atoms and bonds in the molecule. At sufficiently low vapour pressure (say 
at 100 mm. Hg or lower), F becomes Z7T/L, where L is the molar heat of vaporisation. 
Such a treatment removes the difficulty of a choice of comparison conditions, and auto- 
matically allows, e.g., of CF, possessing a different value of AS than CCl, without thereby 
carrying the assumption that the degree of order is different in the two substances. It is 
obvious therefore that the method, whilst possibly of limited applicability to the problem 
of order in liquids, seeks to interpret degree of ordering in a given substance over and 
above that which may appertain in the simplest molecules. The conclusions reached, 

® Smyth, /. Amer. Chem. Soc., 1939, 61, 1695, 2798. 
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however, should be more acceptable than those arrived at on the basis of Hildebrand’s or 
Pitzer’s comparison conditions. 

I have already shown ® that the ratio of the values of E/T for any two non-associated 
liquids at temperatures corresponding to the same saturated vapour pressure is constant. 
The additive relationship is therefore generally valid no matter at what vapour pressure 
we choose to evaluate the additive constants. In this paper, all values are quoted for a 
vapour pressure of 100 mm. Hg. 

It is readily seen that the treatment is equivalent to assuming that LZ,/ZT is constant 
where Z, (~Z) is the “ effective molecular number,” 7.¢., 12,2, + Mgkp% + . . ., evaluated 
by summation of the contribution of ”, atoms of an element of atomic number z,, and so 
on. The numerical coefficients k,, k,, . . . are then characteristic of each element, and 
approximate to unity. It was hoped that these coefficients could be related to electron 
configuration and/or atomic polarisabilities, but all such attempts have failed, and it must 
be admitted that the additivity of F remains a purely empirica! observation. It will be 
shown, however, that the function does lead to conclusions regarding order in the liquid 
state in keeping with the requirements of certain theoretical considerations. 

Relationship between the Hildebrand and Trouton Entropies of Vaporisation and Boiling 
Point.—As pointed out by Hildebrand and Scott, when log 7/f is plotted against log p 
in order to ascertain the value of # at a given vapour concentration (?.e., when log 7/p has 
a chosen set value, c), a virtually linear plot is gbtained. Furthermore, it becomes apparent 
that the plots are parallel, and differ only in the values of the intercepts they make with 
the log p axis. The value of log p corresponding to a given constant vapour concentration 
is therefore uniquely determined by the vapour pressure at any one temperature, e.g., by 
the normal b. p. Hence we may write (log pp — x)/(c + log pp — log Ty) = A, where x 
is the value of log # when log T/f/ = ¢, and K is a universal constant. (The suffix B refers 
to normal boiling conditions.) With vapour pressure in mm. of Hg, and decadic logarithms, 
x becomes (2-881 — 3-381K + K log Tg) when conditions are chosen such that log T/p = 
4. The “ best ’’ value of K was determined from the vapour pressures of 13 compounds 
of very diverse chemical nature and with b. p.s ranging from —190° (N,) to + 271 
(n-pentadecane). The individual values did not show any dependence on b. p., and the 
average deviation from the mean, K = 1-094, was 0-39. We may therefore write 


%=1004logTp—O817 . . . . .... @) 


Now it was shown previously ® that the ratio of the value of AS for any given substance 
to the corresponding value AS" for an “ideal reference substance ”’ is constant independently 
of vapour pressure. Hence 


(AS) Hitdebrana |(AS*)sitaeprana — (AS)trouton [(AS*)trouton 


The “‘ Trouton conditions” being taken as a vapour pressure of 100 mm., which give 
(AS*)tronton = 97-4, then 


(AS) Hitaebrana = 0-01027(AS*) gitaebrana(AS)tronton . . . . . (2) 


but, certainly ® between the limits / = 10—1000 mm., AS" is strictly a linear function of 
log p; 1.e., 
AS? = 1416—22llogp .....+.. O@ 
Combining equations (1), (2), and (3) we then get 


(AS) pitdebrana — (1-640 — 0-248 log Tp)(AS)trouton 
= Z(1-640 — 0-248 log Tp)/F ; ~—_s «2 


® Thomas, J., 1953, 1233. 
10 Hildebrand and Scott, ‘‘ Solubility of Non-electrolytes,” 3rd edtn., Reinhold Publ. Corp., New 
York, 1950. 








2136 Thomas: An Additive Function of Entropy of Boiling, and the 


which gives the relationship between (a) AS under the condition that log 7/p = } and 
(6) AS at a vapour pressure of 100 mm. 
Methods of Evaluation of F.—(1) The method generally preferred is by use of the 
equation 
logyg (7/100) = A + B logy, (7/100)penzene 


benzene being used as reference substance in the manner indicated,® where B = 
(1/E)(E/T)venzene, and solved by application of Campbell’s “ zero-sum” method ! wherever 
possible. In some cases the vapour-pressure data are not sufficiently well spaced to allow 
of mathematical solution, and a graphical solution with a plot of log T against log Thenzene 
is more reliable. The value of (E/T)pensene at 100 mm. has been determined by numerical 
differentiation of the ‘‘ best” vapour-pressure data ® as 27-2 cal. mole deg.!, so that 
F = ZB/27-2. In this paper for convenience all such F values have been multiplied by 
100. 

(2) By differentiation of the three-constant Antoine equation log Jam = 8 — 

a/(7 — C)} in such cases where the constants have been accurately calculated, and from 

which F in the chosen units is given by 100/F = 4-571{«(8 — 2) + C(® — 2)"}/aZ. Values 
so calculated from the highly accurate data of the National Bureau of Standards are 
slightly but significantly higher than the corresponding values calculated by the first 
method by ~0-1% averaged over 70 compounds. It is not profitable to enquire whether 
such a small difference is due to a slightly inaccurate evaluation of (E/7)penzene by method 
(1), or due to failure of the Antoine equation to lead to correct values of dlog #/dT. Indeed, 
it is surprising that any vapour-pressure equation containing only three constants should 
be soaccurate. In order, however, to make values strictly comparable, all values calculated 
directly from the Antoine equation have been “ corrected ’’ by dividing by the factor 
1-001. Differentiation of other three-constant equations such as, e.g., the well-known 
Dupré-Kirchoff equation gives unreliable values of F. 

(3) In certain cases, data are readily available only in the form of d7/dp (°c per 10 
mm.) at the normal b. p. (in particular, Timmermans !*) and from these the value of E/T 
at the b. p. can be readily calculated. The values corresponding to a vapour pressure of 
100 mm. then follow by multiplying by a factor independent of the nature of the com- 
pound. Hence F = 3,040Z(dT/dp)/T, where Ty is the b. p. (°K) at 760 mm. The 
method leads to values somewhat lower than those calculated by the first two methods for 
low-boiling liquids, and to values somewhat higher for high-boiling liquids. The difference 
varies approximately linearly with F from +0-5% for the lower paraffins to —1-5%, for 
the C,,—C,, hydrocarbons. Again, for strict comparison, all values calculated by method 
(3) have been “ corrected ’’ by application of the equation 

For, = 1-007F — 0-000042F? 

(4) Data for many compounds have been published only in the form of the two-constant 
equation log p = y — 8/T. Fairly reliable values of F can then be calculated from the 
equation F/100 = Z(log T, — log T,)/27-2(log T, — log Ty)penzene, Where T, and T, are the 
limits for which the equation is stated to hold, and (7)penzene 2Nd (7})penzene are the corre- 
sponding temperatures for benzene. Data published in the form of three- or more-constant 
equations, other than the Antoine equation, have been similarly used. 

Comparison of the Methods.—Methods 2 and 3 (“ corrected” as above) when applied 
to the same vapour-pressure data agree very closely. Thus for 70 hydrocarbons studied 
by the National Bureau of Standards, covering a normal boiling range of —161° to 343°, 
the average difference between the values calculated by the first two methods is 0-15%. 
Similarly the average difference for methods 2 and 3 is 0-2% for 64 hydrocarbons and over 
the same boiling range. The fourth method, tested on data published in the form of the 

11 Campbell, Phil. Mag., 1920, 39, 177; 1924, 47, 816. 


12 Timmermans, ‘“‘ Physicochemical Constants of Pure Organic Compounds,’”’ Elsevier, Amsterdam, 
1950. 
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two-constant equation, gave results which did not differ systematically from those cal- 
culated by the other methods, the mean difference over 20 compounds of diverse types 
being 1-:1%. 

Reliability of I’ Values.—The absolute accuracy in the accurate measurements of the 
National Bureau of Standards is believed to be, on the average, about 0-2%, although 
reliability in individual cases might be a little less. Thus, method 2, applied to the data 
of Forziati, Norris, and Rossini,!* and to the earlier data of Willingham, Taylor, Pignocco, 
and Rossini! for 15 hydrocarbons to which slightly different values for the Antoine 
constants were assigned at the two dates, leads to F values which agree to within 0-1%. 

It is difficult to assess experimental error in the majority of other measurements. A 
rough idea may be gained by consideration of temperatures corresponding to vapour 
pressures of, say, 760 and 100 mm.; ¢.g., for n-heptane, taking Ty) = 371-5° and Ty) = 
314-9°, we get F = 212-9. An error in Ty of only 0-2° gives F = 212-0, 0-4% lower than 
the previous figure (see also Table 7). It is believed that F values reliable to 1% necessitate 
very accurate determination of vapour pressure and elaborate purification of the materials. 
In the Tables, only mean F values are given in cases where more than one source of data 
has been employed, or when more than one method of evaluation has been applied to a 
given set of vapour-pressure values. 

Additivity of F for Compounds Incapable of Rotational Isomerism. That F is additive 
for such compounds is evident from data in Table 5 using the series: (a) H, through HCl 
to Cl,, (6) CH, by successive chlorination to CCl,, (c) C,H, through C,H,Cl, three isomers 
C,H,Cl,, and C,HCl, to C,Cl,, and (¢@) C,H, through C,H,Cl to the three isomeric dichloro- 
benzenes. Graphical solution gives Fq-y = 57:3. 

Similar treatment for the series H, to Br,, CH, to CBr,, C,H, to CH,:CHBr, and C,H, 
to C,H,Br, gives Fp,5 = 120-0. Four intervals only are available for the corresponding 
cyanide series, viz., H, to C,N,, CH, to CH,°CN, C,H, to CH,:CHCN, and C,H, to C,H,°CN, 
giving F(ox-n) = 38-7. 

Calculation of the atomic and structural contributions (hereafter expressed as [H] etc.) 
now gives [2H] = 13, [CH,] = 30, [Cl] = 64, [Br] = 127, [CN] = 45, [benzene] = 154, 
and [double bond] = 6. These values agree very closely with those ultimately evaluated 
(p. 2151) from more extensive data. 

A stringent test for any additive function is to ascertain whether the value of [H] so 
determined agrees with the value for the element. (It is relevant that the value of the 
Trouton constant for hydrogen is less than half of the “ normal” value.) Thus Faq = 
68-4 leads to [H] = 11; Cl, similarly to [15], HBr to [15], Br, to [15], HCN to [12], and 
C,N, to [13], the mean value to the nearest significant figure being [13]. The figure derived 
from hydrogen itself is [13-3]. 

The Additivity Function for Paraffins—Values of F for paraffins as well as for alkyl- 
cyclopentanes and -cyclohexanes, alkylbenzenes, and, except where otherwise indicated, 
for olefins, have been calculated by methods (2) and (3) from the data in “ Selected Values 
of Physical and Thermodynamic Properties of Hydrocarbons and Related Compounds,” ® 
supplemented and checked wherever possible by use of method (1) applied to the 
measured vapour pressures if published as such.!*1%1416 The values (by method 1) for 
the -paraffins from methane to octane are those based on vapour pressures selected by 
Thodos.!?_ As previously mentioned, the three methods agree so closely that the results 
are not tabulated since they may be so easily calculated from Antoine’s equation. 

From theoretical considerations it has been concluded ® that “ the decrease in entropy 
from the ideal gas state to some comparable state in the liquid region ’’ would be greater 


13 Forziati, Norris, and Rossini, ]. Res. Nat. Bur. Stand., 1949, 48, 555. 

144 Willingham, Taylor, Pignocco, and Rossini, ibid., 1945, 35, 219. 

18 American Petroleum Institute Research Project 44, Carnegie Press, 1953. 

16 Rossini et al., J. Res. Na Bur. Stand., 1950, 45, 406; J. Phys. Chem., 1956, 60, 1446. 
Thodos, Ind. Eng. Chents 1950, 42, 1514. 
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for “‘ globular ’’ molecules than for molecules of simple fluids. Further, the behaviour of 
a non-polar substance of non-spherical shape is expected to conform closely to that of 
globular molecules. 

I found, however, that under “ Trouton conditions”’ the observed values of F for 
paraffins of chain length +3 carbon atoms are in good agreement with the values calculated 
on the basis of [C] = 17 and [H] = 6-5 derived as above; 7.e., the entropy of vaporisation 
of ethane, propane, isobutane, and meopentane are all accountable on the basis of the same 
F increments. It seems likely therefore that any increase in AS expected for these com- 
pounds on the basis of departure from spherical shape as such is automatically allowed for 
by the choice of comparison conditions, or by the method of derivation of the structural 
parameters. It may be also that the effect is relatively small, undetectable within the 
limits of experimental accuracy in the determination of F. (Even in the case of polar 
non-flexible molecules, when the increase in AS over and above that of a simple fluid 
would be expected to be substantially higher, it is shown below that the effect is still qute 
small.) The extent of mutual alignment or of restricted “ external’’ rotation of these 
substances is therefore held to be small or nil (but see allenes, p. 2144). 

For normal paraffins C,H», , 5, where » > 4, and for their branched-chain derivatives, 
the values (F’) calculated from the atomic constants are unquestionably higher than the 
experimental values by an amount (AF) clearly increasing with ». The physical inter- 
pretation of this appears to be that, in the liquid state, the longer molecules are arranged 
in an orderly manner with respect to neighbouring molecules, probably, from consideration 
of close-packing and their known configuration in the crystalline state, with the chain axes 
parallel. 

Moore, Gibbs, and Eyring,’® using Pauling’s values for atomic dimensions and bond 
angles, compared the calculated molar volumes of -paraffins with the experimental values 
on the basis of a regular zig-zag carbon chain (with the carbon atoms in one plane), and 
concluded that there are three liquid regions: at the lowest temperatures, the chains are 
interlocked, with the molecular spacings only slightly greater than their values in the 
crystalline solid; at higher temperatures, this condition gives way to a “ libration” 
region where rocking of the molecules occurs, to be succeeded at still higher temperatures 
by a region of essentially free rotation of the molecules on their long axes, so that the liquid 
may now be visualised as a hexagonal close-packing of rotating cylindrical molecules. 
(Irrespective of which of these conditions may appertain at a given temperature for a 
given paraffin, the mere existence of parallel-packed zig-zag chains will add to the entropy 
of boiling, and the same remark would apply if the carbon atoms assumed a helical con- 
figuration as postulated by Mumford.!*) In particular, it was concluded that at temper- 
atures approaching (in the case of butane) or somewhat below the b. p. (with higher mem- 
bers), the m-paraffins higher than propane have attained such free rotation. Such a 
conclusion fits in well with the assignment of finite values to » commencing at unity for 
n-butane. 

Methane as a sphere, and ethane as a cylinder of diameter 4-0 A and length 5-5 A, were 
held to be rotating even at their m.p.s. Propane, on the other hand, of corresponding 
dimensions 4-9 and 6-5 A, was concluded to have incomplete rotation even at its b. p. 
With the possible exception of propane, therefore, the assignment of zero m value corre- 
sponds to the freely rotating cylinders of Moore et al.18 However, my method leads to 
the further conclusion that in ethane and propane (and isobutane), the molecule as a whole 
has essentially free external rotation, and is not to be regarded as packing with its longer 
axis parallel to a neighbouring molecule. This conclusion seems likely from consideration 
of the above molecular dimensions, which show close approach to a spherical molecule 
with a ratio of longer to shorter dimensions of 1-37 for ethane:and with a lower value 1-32 
for propane. It seems, therefore, that the favoured configuration of, say, n-hexane can 


18 Moore, Gibbs, and Eyring, /. Phys. Chem., 1953, 57, 173. ? 
19 Mumford, J., 1952, 4897. 
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be written a ae ‘c¢ With restricted rotation about the bonds printed in heavy type. 


Vaporisation then implies absorption of energy consumed in the “ uncoiling ’’ of the mole- 
cules. Rotation about the two end C-C bonds is free, since the terminal hydrogen atoms 
lie within the confines of the cylinder. 

My treatment leads to the requirement that free rotation of methyl groups also occurs 
in (methyl) branched-chain derivatives, and indeed in methylcycloalkanes considered 
below; thus, e.g., CH,*CHMe-CHMe-CH, and CH,-CHMe-CHMe-CHMe:-CH, have to be 
assigned values of ” of 1 and 2 respectively. How this arises in a close-packed assembly 
is difficult tosee. (The above observations describe the average behaviour of the molecules, 
and it is not, of course, implied that no molecule ever suffers internal rotation about its 
C-C bonds. Rotation of a methyl group would presumably be statistically more probable 
on account of the smallness of the hydrogen atoms. Its moment of inertia is also low, and 
both factors may combine to give apparently free rotation.) 

The above principles regarding the value of m apply in general to any chain of type 
A-B-C-D, where A, B, C, D are atoms other than hydrogen (but see special circumstances, 
below). 

Values of AF plotted against » fail on a smooth curve passing through the origin, and 
up to m ~8, the plot is linear in agreement with the equation 


AS — (AS)! = an; or AF=KnFFYZ .... . . (5) 


which implies that the difference in molar entropy between the experimental value and 
that value the substance would possess in the absence of the above-described molecular 
alignment is approximately proportional to the number of bonds about which rotation is 
thus restricted. ; 

For values of n > ~ 8, eqn. (5) is only a first approximation, a more accurate fit being 
AS — (AS)! = an — bn*. This implies that, under Trouton conditions, the longer chains 
are increasingly less ordered. It should be remembered that the corresponding temper- 
atures are also increasing, which will operate against the tendency to mutual chain-align- 
ment. The last equation is cumbrous; a closely related but more convenient one is 


AF = Z(kn — kgn*) =(say) ZZ. . «. ww ee C8) 


where k, and k, are constants. 
It is clear then that the “ entropy of uncoiling ”’ is 


(L/T) — (L/T)! = (22/FF)(kn — hyn) 2 ww we. 


Equation (6) was solved for the »-paraffin series from C,Hy,) to CypH4., by use of [H] = 6-5 
and [CH,] = 30, to give k, = 0-0480 and k, = 0-000622. 

A paraffin containing a meo-group is found to have a value of F significantly higher than 
the corresponding value for an isomer containing only iso-groups and of the same chain 
length. Examples will be found in Table 2. The percentage effect is small, and is con- 
sidered to arise through interference with chain packing (closer approach to globular 
molecule behaviour). The behaviour of 30 such compounds in the paraffin and cycloalkane 
series is in fact satisfactorily accounted for by assuming a reduction in m of 1/2 for each 
neo-group. 

For two paraffins of the same chain length, 


i~ Mg Gyew RR... . 1. « oR 


a quantity which is quite small and of value not materially affected by any final adjustment 
in the values of k, and k,. A series (Table 2) derived from a given n-paraffin by successive 
replacement of hydrogen by methyl (other than at the terminal CH, groups) may then be 


visualised, and the values “‘ corrected’ by the use of (8) so as to be comparable with the 
4A 
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F value for the »-paraffin. The neo-paraffins can be included by adjustment in the 
n-value. 
TABLE 2. 


“* Cor- 
F adjusted rected”’ [CHg,] 
for neo- Mean mean — [CH,} 
Compounds F group values Z-Zycyuz, AF-AFnom, values -+ (CH) 

CH,-CH,CH,CH,'CH, ......... 15911591 1591 ee ae 
CH,-CHMe-CH,-CH,’CH, ...... 1189-0 189-0 aaa ; at 5 
CH,-CH,-CHMe-CH,-CH, ...... Siss6 iss6 1888 . os 168-6 
CHy-CHMe-CHMe-CH,°CH, ...)217-4 217-4 29-6 
CH,-CHMe-CH,-CHMe-CH, ...(217-0 217-0 aren si sa 208 
CHy-CMe,-CH,CH,’CH, ......... 218-9 2176 = ;, — 
CHy-CH,-CMe,-CHy’CHg ......... 220-3 219-0 90-2 
CH,*CHMe-CHMe-CHMe:CH, tose 246-3 ret 
CH,-CMe,*CHMe-CH, CH, ...... 247-4 245-9 - - ied 
CH,-CMe,-CH,-CHMe-CH, ...... j2aes aso 0 **' . . . 
CH,-CHMe-CMe,"CH,°CH, ...... 249-6 248-1 ei 
CH,-CMe,-CHMe-CHMe-CH, ...) 276-8 275-1 . 
CH,-CHMe-CMe,-CHMe-CH, mbt 275-3 one os - —_ 
CH,-CMe,-CH,CMe,CH, ...... 27932758 -” ’ -_ 
CH,-CMe,-CMe,"CH,"CH, ......J 277: 273-8 31-8 
CH,-CMe,-CMe,-CHMe-CH, ...1311-4 3075 ago 9 ‘in nis _— 


CH,*CMe,"CHMe-CMe,°CH,  ... )308-3 304-4 


We can in this way compile the following series from which the fundamental interval 
'CH,] — [CH,] + [CH] may be evaluated by application of Campbell’s method.“ 


No. of CH, No. of compounds Value of 


Series intervals in series increment 
Glin OP Ge doesn caccnivecscvebeseseecs 2 3 30-5 
WC Fise 0 CoH ag once ccncccees: 4 6 29-6 
n-C;H,, to CypH,, a en ea 5 17 29-9 
n-C,H,, to Cy oH. wlidendieate cldentos 4 20 30-0 
ENE: - siiniencdrcicdiicanes ,; 2 13 29-8 
Rite OP Callies, stdccsnseccesecevenss 1 + 30-2 


In conjunction with 16 additional values similarly derived from alkyl-cyclopentanes 
and -cyclohexanes, and also from sulphides, thiols, and aliphatic nitro-compounds, the most 
probable value of the increment appears to be 29-9 + 0-2. 

For two isomeric paraffins differing by unity in chain length, we may write AF, — AF, 

- Z(X, — X,)—a quantity again small and of value little affected by slight adjustment in 
the values of k, and k,. A series of type 
CH,-CHMe-CH,-CH, —» n-pentane 
CH,-CHMe-CHMe-CH, —» CH,-CH Me-CH,°CH,°CHsg, etc. 


can thus be built up, “ correcting ” for the difference in chain length as indicated. 
A large number of such transitions occur in the paraffin series alone, and it was found 


that (CH,} + (CH) — 2(CH,) is zero within the limits of experimental uncertainty. 
Hence [CH,] = 29-9 + 0-2. The value of [CH,] derived from ethane and propane is 36-2, 
making [CH] = 23-6 and [C] = 17-7 (from CMe, and C,Me,). We thus have the values 
(C} (CH) (CH, ] [CH,] Fon, 
17-7 23-6 29-9 36-2 43-6 
Difference (= [H]) ... — 5-9 6-3 6-3 7-4 
leading to [2H 13-0, a figure very close to the value 13-3 for hydrogen itself. Within 
the limits of accuracy, therefore, we may assume F! to be truly additive in the paraffin 
series, and write (‘‘ smoothing ”’ the values for convenience): [C 17-0, [H) = 6-5, and 


.CH,] = 30-0, the same values as previously derived. 

Final adjustment of the values of k, and kg was made by taking into account (a) the 
n-paraffin ‘‘ equivalent ’’ values derived as in Table 2 and subtracting 30-0 or a multiple 
of this figure from cach F value, (6) the data for olefins, taking [double bond] = 5-5, 
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the derived as below, and (c) the reliable data on sulphur compounds up to »=6. The 
values finally selected were k, = 0-0480 and k, = 0-000618, which lie so close to those 
previously derived from the m-parafiin series alone that reassessment of the structural 
parameters was not necessary. 

a) Those paraffins containing ethyl or higher-alkyl branches are given m values in accord- 

Hi ance with a principle which is obvious from the examples 

CH,°CH,’CHEt-CH,°CHg, » = 3. FP = 2152; Fux, = 215-0 


. CH,°CHy’CMeEt-CH,-CHg, m = 2-5. F = 2482; Feat, = 245-3. 
CHMe,-CH,-CHEt-CH,°CHg, 2 = 3. F = 270°8; Fea, = 269-5 


The average deviation between experimental and calculated J values for 13 such compounds 
is 0-7%. Such an assignment of » values is further justified in connection with alkv! 
borates (p. 2150). 

The average deviation for the 20 1-paraffins from methane to eicosane is 0-2%, for 27 
iso-paraffins 0-3°,, and for 24 paraffins containing meo- or neo- plus tso-groups 0-5%. In 
no case does the deviation exceed 10°. It is noteworthy that, for the higher -paraifins, 
) the fraction of the total entropy of boiling to be attributed to molecular uncoiling is 
substantial [e.g., 16° for m-eicosane calculated from equation (7)}. 


val TABLE 3. Alkylcyclopentanes and alkylcyclohexanes. 
F Methods AF = (Fexpu. — Feate.) X 100 
Compound (exptl.) used n (calc.) Feats, Ref. 
OIE aactccnsicnvcinivessyane 151-7 1,2 0 0-0 +0-7 6,8 
cis-1 : 2-Dimethyleyclopentane ... 210-0 1 0 0-0 —0-3 16 
trans-1 : 2-Dimethylcyclopentane 210-4 ] 0 0-0 -Q-1 16 
1: 1-Dimethylceyclopentane ...... 211-3 *° l 0 0-0 + 0-3 16 
n-Propyleyclopentane ............... 234'8 1,2 2 6-0 £0-0 6, 16 
n-Decylcyclopentane ............... 402-5 2 9 45-9 —0-6 17 
Perdeuterocyclohexane ............ 179-9 2 0 0-0 +13 18 
1: 1: 3-Trimethyleyclohexane ... 272-8 1,2 0 0-0 -+0-8 6, 16 
es isoPropyleyclohexane ............... 265-0 1 ] 3-0 —1-0 16 
st n-Butyleyclohexane .............++++ 289-0 1,2 3 11-1 0-2 6, 16 
n-Decylcyclohexane .............++0+ 429-8 2 9 49-0 —O-4 17 
F, References for Tables (independent of Text References).—(1) Keesom, Bijl, and van der Horst, Proc. 
. Acad. Sci. Amsterdam, 1931, 34,1223. (2) Henning, Z. Physik, 1927,40,775. (3) Giauque and Wiebe, 
= J. Amer. Chem. Soc., 1928, 50, 101. (4) International Critical Tables. (5) Giauque and Powell, J. 


Amer. Chem. Soc., 1939, 61, 1970. (6) ‘“‘ Selected Values of Physical and Thermodynamic Properties 
of Hydrocarbons and Related Compounds.” (7) Thodos, Ind. Eng. Chem., 1950, 42, 1514. (8) Tim- 
mermans, ‘‘ Physico-chemical Constants of Pure Organic Compounds,” Elsevier, Amsterdam, 1950. 
(9) Zmaczynski, J. Chim. phys., 1930, 27, 503. (10) Dreisbach and Shrader, Ind. Eng. Chem., 1949, 
41, 2879. (11) Young, Sci. Proc. Roy. Dublin Soc., 1909—10, 12, 374. (12) Barker, Brown, and 
Smith, Discuss. Faraday Soc., 1953, 15, 142. (13) Egan and Kemp, J. Amer. Chem. Soc., 1937, 59, 
1265. (14) Kistiakowsky, Romeyn, Ruhoff, Smith, and Vaughan, zbid., 1935, 57, 876. (15) Castell- 


id Evans, ‘‘ Physico-chemical Tables,” C. Griffin & Co., Ltd., 1902. (16) Forziati, Norris, and Rossini, 
y. ]. Res. Nat. Bur. Stand., 1949, 48, 555. (17) Camin, Forziati, and Rossini, J]. Phys. Chem., 1954, 58, 
‘a 440. (18) Davis and Schiessler, ibid., 1953, 57, 966. (19) Ingold, Raisin, and Wilson, J., 1936, 915. 
ats (20) Young and Fortey, J., 1903, 83, 45. (21) Willingham, Taylor, Pignocco, and Rossini, J. Res. 
CS Nat. Bur. Stand., 1945, 35, 219. (22) Forziati, Camin, and Rossini, ibid., 1950, 45, 406. (23) Ambrose, 


Trans. Faraday Soc., 1956, 52, 772. (24) Aston, Mastrangelo, and Moessen, J. Amer. Chem. Soc., 
1950, 72, 5287. (25) Georgieff, Cave, and Blaikie, ibid., 1954, 76, 5494. (26) Powell and Giauque, 
ibid., 1939, 61, 2366. (27) Guttman and Pitzer, ibid., 1945, 67, 324. (28) Camin and Rossini, /. 
Phys. Chem., 1956, 60, 1446. (29) Cummings and McLaughlin, /., 1955, 1391. (30) Rifkin, Kerr, 
and Johnston, J. Amer. Chem. Soc., 1953, 75, 785. (31) Dodd and Robinson, ‘‘ Experimental Inorganic 
Chemistry,”’ Elsevier Pub. Co., New York, 1954. (32) Burg and Wagner, J. Amer. Chem. Soc., 1953, 


in 75, 3872. (33) Grau and Rath, 7. anorg. Chem., 1930, 188, 173. (34) Smits and Schoenmaker, J. 
in 1924, 125, 2554. (35) Berthoud, Helv. Chim. Acta, 1922, 5, 513. (36) Brown and Robinson, /., 
id 1955, 3147. (37) Klemm and Henkel, Z. anorg. Chem., 1932, 207, 73. (38) Grisard, Bernhardt, and 


Oliver, J]. Amer. Chem. Soc., 1951, 78, 5725. (39) Oliver and Grisard, ibid., 1952, 74, 2705. (40) King 
and Partington, J., 1926, 925. (41) Kosolapoff, J., 1955, 2964. (42) Schacherl, Annalen, 1880, 206, 
1e 68. (43) Rintelin, Taylor, and Gross, J]. Amer. Chem. Soc., 1937, 59, 1129. (44) Author’s unpub- 
. lished values. (45) Weissberger, Proskauer, Riddick, and Toops, ‘‘ Organic Solvents,” Interscience 
. Pub. Inc., New York, 1955. (46) Li and Pitzer, J. Amer. Chem. Soc., 1956, 78, 1077. (47) Perry, 


5) “Chemical Engineers’ Handbook,” McGraw-Hill Book Co. Inc., New York, 1941. (48) Rex, Z. 
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phys. Chem., 1906, 55, 355. (49) Stull, Ind. Eng. Chem., 1947, 39, 517. (50) Jik-Heng Hu, White, 
and Johnston, J. Amer. Chem. Soc., 1953, 75, 5642. (51) Mears, Stahl, Orfeo, Shair, Kells, Thompson, 
and McCann, Ind. Eng. Chem., 1955, 47, 1449. (52) Aston, Wills, and Zolki, J. Amer. Chem. Soc., 
1955, 77, 3939. (53) Capps and Jackson, J. Phys. Chem., 1956, 60, 811. (54) Oliver, Grisard, and 
Cunningham, J]. Amer. Chem. Soc., 1951, 78, 5719. (55) Whipple, Ind. Eng. Chem., 1952, 44, 1664. 
(56) Fowler, Hamilton, Kasper, Wieber, Burford, and Anderson, ibid., 1947, 39, 375. (57) Scott, 
McCullough, Good, Messerly, Pennington, Kincheloe, Hossenlopp, Jouslin, and Waddington, J. Amer. 
Chem. Soc., 1956, 78, 5457. (58) Smyth and Engel, ibid., 1929, §1, 2646. (59) Perry and Bardwell, 
ibid., 1925, 47, 2629. (60) Sinozaki, Hara, and Mitsukuri, Bull. Chem. Soc. Japan, 1926, 1, 60. (61) 
Ruehrwein and Giauque, J. Amer. Chem. Soc., 1939, 61, 2626. (62) Heim, Bull. Soc. chim. Belg., 
1933, 42, 461. (63) Douglas and Winkler, Canad. J]. Res., 1947, 25, 281. (64) Klemenc and Wagner, 
Z. anorg. Chem., 1938, 235, 427. (65) Davis and Wiedeman, Ind. Eng. Chem., 1945, 37, 482. (66) 
Wise, J. Amer. Chem. Soc., 1954, 76, 3094. (67) Davies and Jenkin, /J., 1954, 2374. (68) McCullough, 
Scott, Pennington, Hossenlopp, and Waddington, J. Amer. Chem. Soc., 1954, 76,4791. (69) Holcomb 
and Dorsey, Ind. Eng. Chem., 1949, 41, 2788. (70) Troops, J. Phys. Chem., 1956, 60, 304. (71) Gray 
and Pratt, /., 1957, 2163. (72) Butler and Maass, J. Amer. Chem. Soc., 1930, 52, 2184. (73) Taylor 
and Layng, J. Chem. Phys., 1933, 1, 798. (74) Hubbard and Waddington, Rec. Trav. chim., 1954, 
78, 910. (75) Scott, Finke, McCullough, Messerly, Pennington, Hossenlopp, and Waddington, J. 
Amer. Chem. Soc., 1957, 79, 1062. (76) Scott, McCullough, Hubbard, Messerly, Hossenlopp, Frow, 
and Waddington, ibid., 1956, 78, 5463. (77) Kennedy, Sagenkahn, and Aston, ibid., 1941, 68, 2267. 
(78) Nicolini, Ann. Chim., 1951, 6, 582. (79) Conner, Elving, and Steingiser, Ind. Eng. Chem., 1948, 
40, 497. (80) Goodeve, /., 1930, 2733. (81) Flom, Alpert, and Elving, Ind. Eng. Chem., 1951, 48, 
1178. (82) Crenshaw, Cope, Finkelstein, and Rogan, J. Amer. Chem. Soc., 1938, 60, 2308. (83) Spence 
and Wild, /J., 1935, 506. (84) Smith and Bonner, Ind. Eng. Chem., 1951, 48, 1169. (85) Stross, 
Gable, and Rounds, J. Amer. Chem. Soc., 1947, 69, 1629. (86) Schumann, Ann. Physik, 1881, 12, 40. 
(87) Rose, Acciarri, Johnson, and Sanders, Ind. Eng. Chem., 1957, 49, 104. (88) Wiberg and Siitterlin, 
Z. anorg. Chem., 1931, 202, 1. (89) Stock and Zeidler, Ber., 1921, §4, 531. (90) Copp, Trans. Faraday 
Soc., 1955, 51, 1056. (91) Thompson and Linnett, ibid., 1936, 32, 681. (92) Burg and Boone, /. 
Amer. Chem. Soc., 1956, 78, 1521. (93) Aylett, J., 1957, 4152. (94) Fox, J. Amer. Chem. Soc., 
1950, 72,4147. (95) Jenkins and Chambers, Ind. Eng. Chem., 1954, 46, 2367. (96) Bradley, Mehrotra, 
and Wardlaw, J., 1952, 5020. (97) Bullard and Haussman, J. Phys. Chem., 1930, 34, 743. (98) 
Charnley, Mortimer, and Skinner, J., 1953, 1181. (99) Stone and Burg, J. Amer. Chem. Soc., 1954, 
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Finke, Hubbard, McCullough, Gross, Williamson, Waddington, and Huffman, J]. Amer. Chem. Soc., 
1950, 72, 4664. (109) Guthrie, Scott, and Waddington, ibid., 1952, 74, 2795. (110) Heisig, ibid., 
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Alkyleyclopentanes and Alkylcyclohexanes (see Table 3).—Methyl groups are again to 
be considered as free to rotate in the liquid state, and » is finite starting from an ethyl 
side chain as unity. The mean deviation is 0-35°% over 36 compounds, taking [5 and 6 
membered ring) = 0-7. 

Alkylbenzenes.—The n values for isopropyl, isobutyl, sec.-butyl, and /ert.-butyl, as well 
as for n-propyl- and higher n-alkyl-benzenes, are normal (Table 4). However, it is apparent 
that methyl groups are no longer “ free’ when attached to the benzene nucleus (see also 
pyridine homologues, Table 6). Thus each methyl group must be assigned a value of 
n = 1, the inference being that in the packing of such compounds in the liquid state, a 
time average fraction of the molecules possess rigid methyl groups. Whether this is due 
to hyperconjugation’s stiffening the bond between the nucleus and the methyl group, or, 
which seems more likely, because the planarity of the molecule results in a particularly 
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close or stable packing, flat on flat, must remain undecided. It is relevant that a similar 
(but less pronounced) lowering of F is also apparent in the ethyl derivatives where hyper- 
conjugation must be less important. Until additional data are available, each ethyl 
(or methoxy-group) is assigned an » value of 1-5. The alternative treatment of allotting 
an F increment as such to each CH, or ethyl group does not agree with the facts. 


TABLE 4, 
F Methods Deviation 

Compound exptl used n AF vate. (%) Refs. 
Hexadeuterobenzene _..............ceeeeeeeee 154-0 1.2 0 0-0 +0-4 18, 19 
1: 2: 3-Trimethylbenzene .................. 236-2 3 3 9-1 -O-l 6, 8, 16 
1: 2:4: 5-Tetramethylbenzene ............ 260-9 2 4 13-5 —0-2 6 
RINE isi covinicamankodehinenawentinieass 211-5 1.3 1-5 4-1 --0-3 6, 20 
IID. bc vincnsncstncotiniocicwsusens 264-4 2 3-5 11-8 +05 6 
CECI os cvececsevessesscsvocsnsesess 261-9 2 3-5 11-8 —0°5 6 
Po IIE sivncccsarestenssscesccsuense 263-1 1s 3 10-2 - 0-6 6, 16 
III 56. scscvasucnnascradunsacacceas 239-2 1,2 l 3-1 —1-1 6, 21 
OED. acess ccccccessscncacesecss 267-4 2 2 7-0 —02 6 
BE ID on.5005ccoscccsscsceseescsceeee 264-0 2 3 10-2 -03 6 
RR ID vimenccsescesssssccccvenenes . 268-0 2 2 7-0 L 0-0 6, 16 
eI Siviissconsacsccscsnsdincnananena 264-4 3 q 10-2 —0-2 6, 16 
IINIID whnnsiicacensdncstisuacensensaint 407-4 2 9 46-6 —0-2 17 
EE © SIN isccedsachercetnsesexsirincuses . 1140 2,3 l 1-4 +11 6 
3-Methylbuta-1 : 2-diene ..................... 141-4° 2 2 3-6 + 0-6 6 
PES PEIN  cincenavensaceassrcorksdstousd 138-9 1.3 2 3-6 —12 6,22 
og ee nee 141-4 1,2 1-5 2-7 —O1 6; 22 
SIE Siiaducepatigdcdndetiwentwsauiantniieden’ 52-6 2 0 0-0 + 2-1 23 
IED caccinisncsaustaannnvecowinede 81 1,3 0 0-0 —0-6 6,8 
PNIINIIS ciidctcncnssncenssecesassnd Phcnatins 109-7 1 0 0-0 —l16 24 
IID, io csdnntnccannncotessnmstied ~ Ill 1,3 0 0-0 —(0-4 6,8 
EINE sisccccccisesseccuvescvescunctnon 104-5 1 0 0-0 +05 25 
SSvirirwdassavensenbenssassecindonmnenta 93-8 1,2 l 1-1 —0-6 6,26 
BUD. cindsessancsenestssmncactanranencsiinets 123-7 1,2 1-5 2-2 +02 6,8 
SIOINDD : csunisscomssannanmmurnennidesonnuns 329-3 1,2 9 36-7 +0-2 6,22 
PEE iirintbicwnssiinticndidvcsnereraniins 504-9 2,3 17 102-0 +0°3 6 
IY, nh dnatcbadddmencncnannnencsiaena 122-6 1,3 2 3-0 L-O-l 6, 27 
2 : 3-Dimethylbut-2-ene .................0+6. 177-2 2,3 4 8-7 +0-2 6,28 
IN, icin nncakdieenceniconedentnhesatsaauain 178-5 2 3 6-6 —0-2 28 
2-Methyipent-2-ene ............0cccscesscscees 177-5 2 3-5 7:7 —0-2 28 
3 : 3-Dimethylbut-l-ene ..................... 183-1] 2 0-5 1-1 —0-7 28 
2: 3-Dimethylbut-l-ene ..................... 181-5 3 2 4-5 +03 28 
I idrbitiinttaiekccesenoudeaien 114-8 2,3 1 1-4 —1-6 6 
2 : 3-Dimethylbuta-1:3-diene ............ 172-9 2 3 6-1 +06 29 
tvans-Penta-1 : 3-diene ...................000- 142-5 1,2 2 3-6 —13 6,22 
EE COL ctatacenapionsshesssoowanieuas 174-1 2 3 6-1 1-3 29 
TINE asehdocsatesbaccusvisdwnediecssicoes 143-2 1,3 0 0-0 -O-1 6, 22 
3-Methyleyclopentene ................c0ececeee 172-5 3 0 0-0 -03 6 
D-TERVICVCIODOMGOMD: cccccccercccccencsccecccses 201-6 3 1-5 3-8 +11 6 
BREF SOPOPOMNIIIED ccccccsccecsccscesvesensscs 201-0 3 ] 2-5 0-2 6 


The F value assigned to benzene is 155-0. Now 6[CH] + [six membered ring] = 
141-7. Hence the value of each “‘ aromatic ’’ double bond is 4-4, significantly lower than 
the value for a normal double bond. This lower value is considered to arise from the 
circumstance that the very flat (coplanarity of the carbon and hydrogen atoms) molecules 
of benzene are, at least partially, restricted to rotation in the plane of its own ring. Such 
a restriction is presumed absent from cyclohexane and larger, saturated, ring compounds, 
and in the case of smaller rings, the molecules would not depart greatly from spherical 
shape. The normal double-bond value appears to appertain in the case of acyclic dienes. 

Olefins and Dienes.—These are given expected » values; methyl groups attached to a car- 
bon atom carrying a double bond must again be regarded as “ rigid’’ (Table 4), e.g., propene 
is to be regarded as packing H cH’ ‘cH, Ethyl groups so attached also appear 


to be more restricted than when attached to a saturated carbon atom, and are allotted an 
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n value of 1-5. It is accepted for the remainder of the paper that » must increase by 1 
or by 1-5 in all compounds having (a) a methyl or (bd) an ethyl (or methoxy-) group, 
respectively, attached to any atom carrying a multiple bond, provided that rotational 
isomerism is possible about these groups (see ketones, esters, etc., below). 

The mean deviation over 43 straight- and branched-chain olefins is 0-4%, over 11 
alkyleyclopentenes and alkyleyclohexenes 0-7, and over 7 diolefins (conjugated and non- 
conjugated) 1-1. 

Allenes.—Although data are to hand for only five compounds, it seems necessary to 
assign the value 3-6 to each double bond, the mean deviation being 0-7%. Two values 
of F for allene itself, calculated by methods (2) and (3) of ref. 6 to Tables, do not agree. 
The higher values of AS probably arise from the circumstance that allenes possess 
relatively long linear molecules giving rise to restricted (external) rotation. 

Acetylenes.—Accurate data are available for only five compounds (Table 4). Owing 
to the linearity of the C-C=CH group, is taken as zero in ethylacetylene and also in 
methylacetylenes (compare cyanides, below). The mean deviation is 1-0%. 

Deuterium Compounds.—The value of [D] appears to be slightly but significantly lower 
than that of [H]. By weighting the experimental values in proportion to the % of D in 
the compound, the most probable value is in accordance with [H| — [D] = 0:3, or, on 
the basis of [H] = 6-5, [D] = 6-2. F values for 7 deuterium compounds are included in 
the tables. 

Halogen Compounds.—The substances so far considered have zero or small permanent 
dipole moments (uz), and the interaction potential arises essentially from London forces. 
The majority of compounds considered below, however, are polar, and it is of interest to 
ascertain whether it may be possible to correlate polarity with an increase in AS. Even 
in the favourable case of HCl (excluding compounds which are definitely associated, and 
where the hydrogen bonds result in a high degree of order), it has been calculated * that, 
in the gaseous state, dipole association forces make only a relatively small contribution 
(14%) to the van der Waals forces, and that the main contribution still arises from dis- 
persion forces. Induced dipole association accounts for a still smaller contribution (2%). 

In the gaseous state, when the distance apart of the molecules (7) is considerably greater 


than the length of the dipole, the energy of dipole interaction is given by E, = — 3u4/kTr*. 
Another limiting form, E, = — 2u?/r°, applies at very low temperatures. 


In the liquid state, at close distance, the interaction not only depends on yp and 7, but 
is also highly sensitive to the mutual orientation of the dipoles, being actually repulsive 
for a half of the possible solid angle. It is clear, then, that the magnitude of the con- 
tribution of dipole interaction to the energy and hence to AS in the liquid state is problem- 
atical, but is likely to be low compared with that arising from dispersion forces. It might 
also be that induced dipole interaction is now of greater relative importance, and this will 
depend on bond polarisabilities. In other words, knowledge of the mode and extent of 
molecular alignment is a pre-requisite to solution of the problem of total interaction in the 
liquid state. I believe that order due to dipole-dipole or dipole—induced dipole interaction 
will be superimposed on that arising from the considerations above, so that a chain includ- 
ing a polar group will be likely to be “ stiffer,’’ and mutual alignment statistically more 
probable, than in a non-polar hydrocarbon of the same length. 

On such assumptions, F data for 9 chlorine compounds of zero pu give a weighted (accord- 
ing to estimated accuracy of the experimental data and the % chlorine in the compound) 
mean of [Cl] = 64-5 (see Table 5; Table 6 for SiCl,, SnCl,, and GeCl,). On the other 
hand, a mean value of 63 (to nearest half unit) is derived from compounds with finite 
dipole moment (63-1 from 15 compounds of zero m, and 63-4 from 11 substances with 
flexible molecules). The increase in AS for polar chlorides is thus small, but believed to 
be significant. 


20 London, Trans. Faraday Soc., 1937, 38, 8. 
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Pp. PABLE 5. 
al F Method Deviation 
Compound (ex»tl.) of calen. Refs. n p (D) (%) 
RE, cccctisnceviacsccsscesecscseeness 13°3 1 1, 2. 126 0 --- +23 
ll EE ETL 11-9 1 126 0 _— —3-4 
n- Hydrogen deuteride ..............-...0++ 12-0 1 126 0 _ —58 
SIs cnidinetsdpeanegesericeeucisaswensas 43-6 R23 €7 0 — +14 
BE sencnncssatsswsasuossensensnensensai 64-4 2.2.3 6,13, 14 0 — —1-6 
to SRE A RE Rowe 154-5 — — 0 — —03 
es II rnc si diccianlegicbsannlcnennnnhabavanee 129-2 1 4,5 0 Zero +0-2 
; Carbon tetrachlotide ...........ccscessees 278-6 1,2 10, 11, 4, 12 0 ‘ +13 
e. p-Dichlorobenzene .............2.-00008 266-8 l 10 0 * —16 
SS tvans-1 : 2-Dichloroethylene ......... 179-7 1 8 0 ‘a —10 
Tetrachloroethylene .................+00. 296-3 l 10 0 - —0-4 
cs cotcansndmenatans 427 1 8 l me +2°7 
1g Hydrogen chloride. ..............cseee0 68-4 1 3 0 1-0 —1-9 
in WI I sino soccnnsicriceccnses 98-1 1 8 0 1-9 —0-4 
Methylene chloride ................e000¢ 155-9 1 8 0 1-6 —0-3 
TEE, CORSE ee ee renee 212-4 1,3 4,9 0 1-0 —15 
er VERE CRICEEES  concccscccccsccccsscccceses 122-9 l 10 0 1-4 +10 
in 1 : 1-Dichloroethylene .................. 181-0 l 8 0 1-2 +0°6 
cis-1 : 2- a | hiinhaoweeaeuediions 177-1 1 8 0 1-9 —0:8 
on IIS isisievesivccsicponrenses 237-9 1 4 0 0-9 —01 
in CIEE GSisncdccccspiscaceensenees 211-7 1,3 8, 15 0 1-7 +0-4 
NOI ncscccccevevsxecessse 268-5 1 10 0 1-7 —O-1 
o- at i ee 265-7 I 10 0 2:5 —0-8 
nt 1 : 1-Dichloroethane ..................... 184-5 2 46 0 2-1 —1-0 
S, 1: 1: 1-Trichloroethane ............... 248 1 8 0 1-8 +13 
Be Ie soccessccecscesesscensccses 130-0 1 42 0 2-1 +13 
to isoPropyl chloride ................0+0.+++- 158-7 1 8 0 2-2 +0-4 
on WE NOGE CRUMEND 2. ccccccscesscoscseesses - 156 1,4 4, 8, 49 l 2-0 —0-3 
id SOG PE CRE no decccesccsceecees: 190-7 1 8 ] 2-0 +2°5 
ATEGE GRIGTIED .occccesccccccnsccccsseccceess 149-4 l 45 l 2-0 +03 
t, 1 : 2-Dichloropropane ................+. 216-1 l 8 1 1-8 +1-0 
yn Dt BED ivscciiccssccscescess 182-7 ] 49 1 1-2 —1-3 
5- 1:1: 2-Trichloroethane ............... 234-5 1 10 l 1-4 —3-2 
; 1: 1:2: 2-Tetrachloroethane ......... 302 1,4 10, 4 l 1-4 +1-0 
). 1: 1:1: 2-Tetrachloroethane ......... 297-2 1 10 l *2-0 —0-4 
or n-Butyl chloride  .............000000000++ 184-4 1 10 2 2-0 -O-4 
6 (EES GRMUEEED: onccciscscccesecsccccess 214-6 1 43, 44 3 2-0 +1-9 
; EEO Gl CRIED ...0.cccceccsescsccese. 234-3 1 44 4 2-1 —0-9 
I aiel pth sineanicksineekedmencciuin 74:3 1 50 0 Zero +0-4 
it Castor QetrtiOnie ....cccesccecccesess 164-0 1 8 0 re —0-6 
; Perfluorocyclobutane —..............5+55 362-8 1 55 0 —0-9 
e Perfluoroethane ................ce0ceeeeees 252-4 4 124 1 ' ~0-2 
1- Perfluoro-n-butane ...............220005- 431-6 ] 56 3 a + 2-2 
.- pe WAIT nccovesccctscccenesse 497-0 4 130 4 : —1-4 
oi GE rhswsisescecescsicce 667-6 1 56 6 a +0-9 
it Chlorotrifluoroethylene ............... 211-7 2 54 0 0-4 —1-0 
ll Chlorotrifluoromethane _............... 192-3 1 49 0 0-4 +0-5 
f Chlorodifluoromethane .................. 154-8 l 125 0 1-4 —1-9 
, Dichlorofluoromethane .................. 182-8 1 125 0 1-3 —1+5 
le Fluorobenzene ............. ch See 182-7 2,1 57, 15 0 1-6 +1-1 
n 1:1: )-Teifeorosthane ................ 156 1 8, 51 0 2-3 —1-0 
Trichlorofluoromethane ..... Recanike 250-2 1 8 0 0-4 +1-6 
1 | : 1-Difluoroethane .......0000.0000.0+-. 124 14 51 0 *2.3 2-5 
e 1 : 1-Difluoroethylene .................. 124 4,1 51 0 1-4 + 1-4 
1-Chloro-1 : l-difluoroethane ......... 186 1,4 51 0 2-2 +03 
PNG SUED sninicrceasinscsceccosereys 67-5 1 8, 49 0 1-8 —0-9 
1- Dichlorodifluoromethane ............. 293-7 1 125 0 0-5 +23 
1) 1-Chloro-2 : 2-difluoroethylene ...... 180-0 1 51 0 *1-0 —0-8 
1 : 1-Dichlorotetrafluoroethane ...... 304 4,1 51 l *1-0 - 0-0 
ad 1: 2- : a Reh aes 305-4 l 49 l 0-8 0-2 
e Chloropentafluoroethane .............. 281-0 1 52 l 0-8 +1-2 
h 1 : 2: 2-Trichlorotrifluoroethane ...... 328-9 1 49 1 *1-5 —0-3 
Perfluoromethylcyclohexane ......... 622-0 1 56 | *2-0 —0-3 
0 3-Fluorotoluene ..............0cececeeeeees 210-9 2 45 1 *1-6 +14 
4- - =k Alenia nme larenaeaadii 211-1 2 45 1 1-8 +17 
2: 2: 3-Trichloroheptafluorobutane 492-5 2 53 3 0-9 1-3 
* Estimated values. 
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TABLE 6. 





F Method Deviation 
Compound (exptl.) of calc. Refs. n (%) 
BOUND occcnccussncissscnsicnsncvsssssasoosonsessent 255-5 1 + 0 —0Q-2 
BEVGROGOR GHCTED nc cccsccccetscvecssccsccsscees 135-3 l 47 0 +0-6 
SE NID chiveodsnndinininadacescvisrceneratin 164-6 8 0 +0-0 
ST III icc uccsnsviieadancseenannyieabveniide 192-5 1,3 48,9 0 —0-8 
IED eet nctciwinncxcnstushiaringnceats 225-3 4 4 1 +16 
SOMITE CUOMEDIED . dcecisissescccnactenescossensi 226-7 1 8 0 1-0 
PI IID caciccciesccscesivscesciecsecs 281-5 l 49 0 —1-6 
I cerdaincctndacancaedexdgddocaasdxei 413-0 l 49 0 1-2 
Se IID kivesiscinektsccscosanceacses 519-6 l 49 0 —2-1 
WEE sddivcuxoossteseccavssionsicenenseees 186-7 1 Ss 0 —0-2 
SIND ccntnncccctsccecsnevecsscauses 311-1 l 10 l —O0-3 
RS NOIIND | ccscccscnscocsessscceccsese 340-9 l 8 l —-2 
MOURGROMIOD  cecescwsesccccsicscsoscsecccessseses 277-1 3 9 0 +-O-2 
DEOOTOID a cciivccescsccsccccsscesecsnes 395-7 1 10 0 —0-6 
PEE iehiiauidiayennhsttelvntberinnabintdveneeseneinen 381-7 1 15 0 —2-2 
PTR. © nagunintndanccassdvntgscssiscineiess 234-7 l 8 0 1-4 
IIE» ciecinnxcssnrainrercedsinnedinesnneieces 261-5 l 58 0 0-0 
UN MEE, hcnscensesicdecenicctecsacsacians 296-0 l 8 0 1-5 
IID. wesndcvacnrenseeninncpmivenienasncdecs 341-0 l 15 0 —0-7 
PETE SIMID asic cccscesncccccaceasccscesscence 199-3 l 49 0 —}-l 
GI, askin cnavicsessssvcctcncencscmssscctsctecs 89-4 1 47, 59 0 + 1-6 
Hydrogen cyanide ................. padeenecibines 50-9 1 60, 61 0 ‘8 
BNE COMI os ccscccicicscesenscccssesescecee or 80-6 1 10 0 0-1 
TOME dvdnsntxcedccantccsesncntcovececsence 109-3 l 10, 62 0 —11 
ee oe 137-2 1 8 l —1-1 
n-Butyl cyanide ..............0.. icenahaaweut 165-2 ] 10, 62 2 —0-6 
ee i ae 192-0 1 10 3 —0-5 
GRINNED, seciuncddccecntcnnescnaisnnieetnas 222-2 l s 4 +13 
a Ee 244-2 1 8 5 —0-2 
GD IE nacidvetciseccvinecasccccteics 107-8 l 63, 64 0 +0-7 
SINE  sivictnvnndeceweresesadsncaseccdeces 192-8 1 8 0 + 0-2 
oo ne eee 102-9 1 65 0 —0-1 
EIS CHOMEED oc ccescccccccsvecccscsscccsesescecesess 128-2 1 8 l —2-4 
cis-B-Methylvinyl cyanide ..................... 131-3 1 8 l +0-0 
trans-B-Methylvinyl cyanide ...... senimneinines 130-7 1 8 1 —0°3 
cis-1-Cyanobuta-l : 3-diene ................... . 1495 2 66 l —2-7 
BIEN: “linsictrcicddsaisotceiansecdecstesietbee . 254-5 2 67 0 +1-2 
PE anicccipadevscverereniiacsssinvanes -- 112-6 1,2 10, 68 ] —O0-4 
PND. patiduscincnnvencssocesecssenacscsdutens 141-3 l 69 1-5 —0-3 
IID sicticcanduincensiinndoussnucenkoudans 171-4 1 69 2 + 0-8 
EDS cnnnucdnuueanbsomsnedieinsabovnanha 171-4 l 69 l —0-5 
DE, © acidadpaaedutnauuiiedinuwedaeimsunes 196-5 1 69 3 —0-2 
SR cindacandncduecsndcndoseraseaxnuace . 198-8 j 69 2 —0-2 
2-Methyl-3-nitropropane ...................... . 199-3 2 70 2 +0-0 
Trimethylnitromethane ....................645. 201-7 2 70 0-5 0-7 
Be IID 6 catia cccnvcnntasiaccosnctoans 240-6 1 69 1-5 —0-1 
IED Siiicynnakugahaiiincuntcibnnaexwaneestoens 171-1 2 71 2 + 2-4 
SEED Svccncntcsessicnsucccseenscacss 195-9 2 71 3 +1-1 
NEED dcrnscdenvnsresinsiessesnvauseas 197-8 2 71 2 +0-8 
Se NED ecaiineisisnslehivinenusrusanadphestiens 222-3 2 71 4 +1-1 
SURGE SERN cavccccsssnscsencicscses soanscosss Se 2 71 3 -O-5 
Hydrogen sulphide ............. seimesdanapealus 65-5 1 4 0 3°8 
Hydrogen disulphide ............ pvinasenimeas 119-4 1 72 0 —3-0 
ID clin cinatehblaatieadaahniainpaticdbuniveinditen 96-5 1 8 0 —1-5 
EL -siheévenccassibssiatanstiannenetensines 126-6 1 Ss 0 —1-1 
PEED. advoncctoessiccbivedsredccscsenoises 155-6 l 73 l —0-3 
IND Scnktunhdidesreunsnsdascnamenboanee 156-2 2,3 6, 74 0 —1-2 
EI, ss suisse ndctuhicsinttemisaenddcnaiihon 182-8 2,3 6,.75 2 —0-3 
IEEE ccrenintdseiensaatetvoeisatetestines 185-7 3 6 1 0-0 
1 : 1-Dimethylethane-l-thiol .................. 188-2 3 6 0 -1-4 
MILD sintesdakininaniaivekdnnsibandoracs 209-9 3 6 3 -0-0 
EE ilvitiinicnadiekiedtincnncnseraetengeiene 206-4 2 76 —O0-4 
IE sid sdhiniathanaatinebindukotdanisiee 97-2 1 77 0 2-9 
IE ih dianhanieiesnndt on baieskssisxedienstiess 153-7 3 8 2 -1-5 
Methyl n-propyl ether ....<...............0ceeees 155-4 l 8 2 0-4 
a Sone 184-5 1 4 3 0-8 
Di-n-propyl ether .......... Rsindtatnssaulounaniivats 212-5 1 8 4 1-4 
EINE \csittinddicienscedisudsoausenndyeans 213-1 2 78 2 —0-7 
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TABLE 6. (Continued.) 





mm F Method Deviation 
Compound (exptl.) of calc. Refs. n (%) 
PE UI cinctccccnncesindecichosnssinsnes 262-0 1 10 6 +0-7 
BSE GE ance icccccsncssssecsecsvoveseces 310-8 1 10 8 +0-5 
BIE hccecesivesstessecnncavexasensess 150-4 2 78 2 —1-7 
BE IEE visis scccnscccreccnstncossceusseeess 181-8 2 78 2 —0°3 
NINE hcccsectecocncesstestacssayenoanens 211-4 2 78 4 +23 
BNET | eacicecinconevisecensaeransinsecenns 236-3 2 78 4 +O-5 
SPINE IE oi sc cicdccncsccnnnsescncessovccnes 333-3 1 79 8 0-0 
CORD CURIE ostsicccccccnscseecascevecccese 151-3 1 80 0 -1-2 
SOT cw scscevesescevccsssxesssosecss 148-6 1 81 0 + O-7 
BPE Sencnicievessonsvcrscnestccseunessentasosnces 170-4 l 82 0 —2-4 
NED | canesicerscescsiendctenvimeeseniions 58-0 l 83 0 +0-9 
II sin ncitnicsntiseiaisscniscecinmecoesnes 86-0 1 84 1 —0-5 
PID evneccivovcrnciiscireincsccvsenes 115-3 1 85 1-5 +0-0 
DRPMGGERIERGED occ esscnscesccccccesceses sone 144-5 1 d+ 2 +0-5 
PD sindictindensnevivcvesecstterentacaseneesiaeses 114-3 1,3 8,4 2 —0-2 
BGiayl mmctiny! Weteme onc... ccc ccccccccscesceses 142-7 1 10 2-5 —0-2 
RIMES BIOIND  occccesvcccvesccnscscovescesesscase 170-7 1 10 3 —0-1 
Ditsopropy] ketone ...........c.cccscsccscsceeees 230-9 1 10 2 —0-3 
isoButyl methyl ketone ...................00008 200-0 l 43 3 —O0-1 
NE HNOND wccsiccsctesssvccreccoswsnsswesion 280-0 2 85 4 —1-0 
BN IED a ccadncnsinnicuesdidocsedsnteverseus 112-2 l 8 15 0-4 
RI NII sicsecnnsésccessssnacsncecssduannce 137-7 3 8 2-5 —1-2 
BE ID sist sspenrndenesincsconeiesecbeoncenss 166-3 1,3 8, 4 3 —0-7 
RO OUND nescscccisncncnssnnssavessescvase 193-6 3 8 3°5 —0-7 
BECERGE WHIEVERED «on. crccvcccccccccccescosevens 194-4 1 4 3-5 -0°3 
PEIN ivvcvcsaccscscevisindsxeceescnwes 197-7 l 86 3 0-7 
RU OIED  cravcccasiscesassecsrsperceceass 223-3 1 86 4 +0-4 
RIES DONTE ncecccccccecnccscssorsesBocesecseses 221-3 3 8 5 +0-°8 
PE IED ncccccvecscvscsscoisccecscetsceee 222-2 1 86 4 +0-0 
$- PIO Yl PEGPEOMALD .......00ccccccccccverecsersee 224-0 1 15 4-5 +13 
W-PUO YL D-OUEFTRED o.0..c0scccccccsccsescscssences 250-3 1 86 5 +1-0 
Ethyl trimethylacetate  ...............seesseeee 255-2 l 8 2-5 —0-2 
GOOTIUENE BOUBTRTIEED. 20cccecceccceccsccscsscesccoce 249-2 1 86 4:5 —0-1 
isoPropyl] isobutyrate ............cseseeseeeeeees 253-8 1 8 3 —0-1 
NE IID oc sisescnsccestvcvcvcssssesses 247-3 2 87 5-5 +0-4 
SODEDUL YE ESGWRE TERNS 0.0..00500000c0.csesecescesecses 277-6 1 8 4 —0-6 
BEGEYE B-COUNMORED: 20050. ce ccccccccvessesseseees 298-3 2 87 75 -1-0 
PIII, © Sicasessdsnisoascecinsnneansuasannns 196-3 1 88 3 —0-8 
BPE WINE idavicnntcccccccscaacscescosncensoesaes 275-4 1 88 6 +0-4 
I i cicttececccscienscccensaviecnnwees 345°3 1 43 9 —01 
PI csesecsiiveciavesesesniiseseswonctens 416-9 l 43 12 -0-9 
SN SII Sa cconncnsitpceasnscisansnesanserncs 474-4 l 43 15 —0-6 
EEE Senesecansctsccecconspeneetencans 123-5 1 89 0 —0-8 
IE, | axencankisonivescsiictacsantengsonas 207°1 1 4 3 —0-1 
Dimethylmethoxyborine ..............0..ss0000: 148-7 1 32 l —0-6 
Dimethylfluoroborine _ ................cscceseeses 119-7 1 8 0 —3-8 
Methoxydichloroborine _..............s.seesseee 202-5 1 88 1 +03 
Dimethoxychloroborine _..............0..e.s000 202-3 1 89 2 1-3 
GRIF GICMIOTOROEIMD  .0...00cccccccccccccscsseeee 228-3 1 88 2 —0-1 
SO PIIIEIIIID | ccccsrinccnscccsnsssesesess 251-3 1 88 4 —0-2 
I heseieierusinisinestasavodwesunsen 128-8 l 8 0 —0-5 
ID ss iswonsnsceeccvsseccsnsstocens 186-7 2 90 2 1-0 
ED ~ Sbantsictnasseiiiebsdtiviantcsuceeon 213-5 l 91 3 -O-9 
NN-Dimethylcyclohexylamine ............... 260-0 l 44 l —1-4 
III fi sscascenctinanrsicsentoudendnnusing 138-2 l 44 l —2-8 
Methyldimethylaminoborine .................. 150-4 l 92 l 0-9 
Tetramethylhydrazine .................scsseseees 184-7 l 93 1 —0-5 
Phosphorus trichloride .................ses+sse00 246-0 l 15 0 0-0 
ip AE TEI 73-8 l 4 0 —3-6 
Ethyldichlorophosphine ..............2sse0ee00 246-7 l 94 l +0-1 
n-Propyldichlorophosphine __..............++++ 270-6 1 94 2 —0-7 
n-Butyl po a —Ct« inland 295-0 1 94 3 —]-] 
n-Pentyl es a aia eile lead 322-0 1 94 4 —0°3 
n-Hexyl s CS 353-3 1 94 5 41-7 
n-Heptyl ws | WN aennininensain’ 379-5 1 94 6 +2-1 
EE insiineinecnanccesinstrescnteateshariesiabiinonets 7 1 + 0 —0-7 
PR scnhddndneccnsnrconswebeesnsatieeensentetbaie 139 1 4 0 —0-7 
PEIN vcnicessiessiveacesisnancntecsebetebion 107-3 1 4 0 +0-7 








2148 Thomas: An Additive Function of Entropy of Boiling, and the 


TABLE 6. (Continued.) 
F Method Deviation 
Compound (exptl.) of calc. Refs. n (%) 
OD weiicsinricntnniiecinsinscpitinniin 193-3 1 8 0 —1-7 
IIE, ii bc nndhenicacnanniscigiiiuaiioin 310 1 49, 95 0 + 0-5 
, SEE a ae nee ed mee 253-3 2 95 0 +2-9 
TUMOUGICMIOTOSTIAMS 2.00065 .cccccccceceescscees 221-0 2 95 0 —0-9 
PEDURGERTICMIOTORTIAMO ooo. cc cece cscscccoscescese 277-9 2 95 0 +0-7 
Dimethyldichlorosilane —.....................66+ 249-2 2 95 0 —O0-1 
ED eccasstnscsncecscereticcseeses 160-9 1 4 0 -1-3 
Methyldichlorosilane _....................see000: 221-9 3 4, 95 0 +1 
POUREREOIND 655.550 c005 0505s. seccpensccess 299-0 2 95 1 -1-0 
Diethyldichlorosilane _ .................ssccsseees 301-2 2 95 2 -0-2 
] : 2-Bistrichlorosilylethane ..................... 517-5 2 95 3 —0-3 
Trichloro-1 : 2-dichloroethylsilane ............ 404-6 2 95 2 —1-1 
PID snassedioccessscveseesncace 378-9 2 95 1 —1-0 
WEIN siswcedsosancscsscccissesonss 303-7 2 95 1 +2-9 
Ethylvinyldichlorosilane ......................+ 295-7 2 95 2 +0-4 
UD ieneieossccscecepacsesers 358-1 2 95 7 +0-0 
EID. wehindtsgnciacasscentunsienss 361-9 2 95 8 +0-2 
IE nc titinidicctatcncenesaminbvndainens 401-6 1 8 8 +3-8 
Tetraisopropy] silicate .................ssseeeeees 497-6 1 96 8 +0-7 
ED dnnemsisistatnnendcsinacnupencasece 431-0 1 15 0 —0-5 
Tetramethyletammane .............ccecccosseees 321-5 1 97 0 +0-2 
Ethyltrimethylstannane ........................ 347-2 l 97 1 +0-2 
Trimethyl-n-propylstannane .................. 373-0 l 97 2 + 0-4 
PCIE cicdnncisaccinsccsdparsesses 337-0 l 4 0 —0-0 
BE EEE  sendccgicaccdsconcesncscenas 535-0 1 4 0 0-0 
SE TIED eiiccnsgninecadcnscnejecedeees 736-5 1 + 0 +0-1 
ITI TEED he ccccscesicnscccccnscisenscess 305 4 4 0 —1-6 
TIED cascccdncceinssncncusiinesacnes 303-3 1 98 3 1-1 
STE, inctuininannanadusdnesnesnancheisedens 203-0 1 99 0 +1-2 
I sei lahat ieinsainkcnasadennadidieaiinilnalbianan 147 4 100 0 —0-8 
Sain ee ce en 273 4 100 0 —3-9 
SN. shatinintitniaabebeawivveniwniiewerCaemniiianeennn 278 1 101 0 —2-5 
RL  Aiipcilenedabaindaiinidenaenibgicinmnniaaiebinsions 423 4 100 0 +0-9 
RN ouincineiscapecbslannchilnacschceteiatcpiaacauieneibeieiieiens 428 1 101 0 +1-6 
IIE, SendnansnsiniGuasimauanidiaaeanueatincnibibinnnnie 151-4 1 49 0 +1-0 
REA Midanunibbinennangunaunieaawianinweisisanasiie 383-8 1 49 0 +0°7 
NE iidiceidnbnndinciguncmnemevesisaniinnes 244-0 1,2 6, 102 0 —0-7 
1-Methylnaphthalene.......................0005 271-1 2 6 l —0-4 
2-Methylinaphthalene .....................0cse00 271-4 2 6 | —0:3 
IE ancicccsteenccuseminsananconss 294-2 2 6 1-5 —1-9 
ID accravivndidnbibeswesendutedinats 295-4 2 6 1-5 —1-5 
oa sant aatiaalileeeiieinn 335-4 1 103, 104 0 —0-3 
EE ET aS Heme 337-4 l 103, 104 0 +0-3 
SE  davucvuiuhditiitaiighiidnawatuonaatdinannatenentunt 224-0 1 102 0 —01 
EL. dredubensancBebinentiimennancinicinances 160-7 2,3 105, 6 0 +-1+3 
ND ii ciarnakankacacaienendeaiiebidie 188-4 2,3 105, 6 l +10 
IID «iii aceinandinipadaceianinaitdaninnina 188-1 2,3 105, 6 1 + O-7 
SN cedadusiuGdheiinnhidick<tnidnhinionsoxenniiaites 130-3 2 106 0 —0-2 
Pyridine ........... sewiiaetanadilahimndaainnianimantets 150-1 1 107 0 —0-3 
IED cccxinantnniiindeeusccaiedsicniians 178-1 2 107 l —01 
ES ne re ee 178-2 2 107 1 —O0-1 
pI tsb innncatenriscescnsnneasioans 178-4 2 107 l +01 
a REID snd ccbidiccnvescensseccaces 205-7 2 107 2 +0-2 
2 : 6-Dimethylpyridine ................scccsessees 204-5 2 107 2 —0°3 
DD ‘aidinewetereatskssnbidissiacnansaniebamuaie 238-0 1 15 0 —13 
ID eicictitabtinraiateasenna dhaehasisia nial iutaasn 314-2 l 8 l +11 
ID icircnpnccinacihaiiapeicednciaigeadenin 93-3 1 s 0 +14 
iain inh cikaiiacilluldsiaccisijamibaniuiunntae 141-9 2 108 0 —1-6 
I cnsccirksiandadacengaammindedianen 117-8 2,3 109, 6 0 +0-7 
RNID 5 pindinkocaninieienandnewacasmecnines 87-2 2,1 4,8 0 —2-1 
ee ee ee 123-2 1,2 110, 111 0 +1-0 
IE nsihsinscbacductaccpeisuncesesscerseckent 115-6 l 110 0 +0-9 
IIDC ccccicawandinandatntastapeawndievusina 135-5 l 112 0 —O-7 
I  thdit tiicatnnicedsainvensntimbecekens 208-5 2 113 0 0-8 
cycloHepta-1:3:5-triene ..................... 184-5 2 113 0 £0-0 
IE. . ennetsressnonesnepesnscentnveietenses 236-9 2 113 0 +0-0 
II eisinanccndcciaasinaniemibedsiens 204-0 1 8 0 —1-5 
4-Methylpent-4-en-2-one ....................0005 189-7 2 114 4 —0-3 
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TABLE 6. (Continued.) 


F Method Deviation 
Compound (exptl.) of calc. Refs. n (%) 
4-Methylpent-3-en-2-one ..............cceee eens 191-0 2 114 4 +O-4 
a-Methylvinyl cyanide ................ccccccseees 131-0 2 45 1 —0°3 
Be IE inden cnivcndcsncsiscsscscsscenensgne 143-1 l 115 1 +0-7 
Methylbismethylthioborine ..................... 231-1 1 116 2 -1-1 
Tetrahydronaphthalenc ....................000 260-8 3 6 0 —0-7 
GE Wcdenskan teem ienidinn peincivagnateadrinate 291-0 | 117 0 -1-0 
IE, dikanecaenensacestmcesevanenssssacasces 284-0 ] 117 0 -1+5 
CD a ctisecsessssccsonssaeensctsce 314-7 ] 117 1 —1-2 
II «bits ski esse nsensuncccsinces sexdeciosss 341-0 1 117 I —0-8 
CREME occ cvenecncscccessassssssocccssanies 166-4 1 112 0 +0-8 
EE sitizhaesaakavtenckusanecintevediinniacnioneie 280-2 | 118 1 —0-2 
I sicicdesninadolivbiinsachantanpinensanenndl 225-0 l 8 ] —0-7 
SE icin s inigaicicriounseosintineinaentbeiietican 250-2 l 10 2 +0-2 
IIR nttinienstcdsdinenioncedaswewieaesenai 251-2 1 10 2 +0-6 
I. anitiicabescsmecissvenxendanasacveiins 195-4 1 8 1 —0-°8 
o-Chlorobenzaldehyde ..............s..scsseseees 257-0 1 10 l +17 
PE CIN | bccencneinscsnteineescsscsnecices 255-2 l 8 1 +1-0 
BE cose cscnsnvencscsscescsscsecessnces 222-1 1 8 2 —0-6 
p-Chloroacetophenone ..............seeseeeeeeees 279-1 1 10 2 +0-2 
PUOPIOPROMORG ..0.0000cecccccccscccsssecscecsccese 244-5 1 10 2-5 —2-7 
BD, ntxcipndedesnecxdssinipnsiceesccesinl 323-0 1 10 2 —2-9 
MEINE  hicn ans consasnnescnisbavnsicnasns 369-5 1 15 4 —3-1 
PE IID ovencrecnneveseiesesctesnacencess 248-8 1 10 2-5 +0-4 
NE AIUD siicesccnpsssccnnscnespemtacnsauen 294-1 1 10 5 —0-4 
BPE. xtanncnenecoonnetecscsmeonsanebin 232-7 1 119, 120 1-5 —1-8 
1-Chloro-4-ethylbenzene  ..............csseesees 263-6 1 10 1-5 —1-0 
EDs vicxaccrsinneisssnerssessaceckcusess 226-6 2 121 2 —21 
m- (is np chebiocmeenbl hvenecwnite 228-8 2 121 2 —1-2 
p- ik | hlaipe inant taindtiiaesighiaaies 229-5 2 121 2 —0-9 
POE csc sevsacsscccsneseccssarccssssases 255-2 1 10 2-5 —1+5 
m- sce. «iis pleat aire innate 250-4 1 10 2-5 —3:5 
OE RICTIIIINED oe viccsiscscccccsscesssncosesaescces 264-5 l 10 1 +1-5 
p- Oe errr error ree ner 267-0 1 10 1 +2-4 
ID se cecitectesisntinntnietinieineantics 334-7 1 10 l +3-0 
p- (CS hmeNemeapanoanamenanengsnepascebuen 325-3 1 10 l +0-1 
PNET . cxcaknintermniccnintiaieashessackeepedesiieey 202-7 1 10 1-5 —2-5 
EEE: btniditriniddmbneceitummnsnevinienenewhedee 227-8 1 10 2 —3-5 
TIE a icenscdscasccsecvcaieescsccenene 280-9 1 10 2 —3-5 
PTE IE IE ncncccnsccceccsnesccsees 262-7 1 10 3 +03 
SEDUGS WENGE GUE osc cccccesccscccsccenssses 288-0 1 10 4 +0-3 


This further lowering in F due to dipole interaction being written as (AF),, the corre- 
sponding increase in molar entropy of vaporisation, (AS),, will be oc (AF),/Z. Making the 
simplest possible assumption (any more complicated function is clearly not justified at 
present) that (AS), varies directly with » and inversely with the size (taken as oc Z), we 
may write (AS), o u/Z oc (AF),/Z, giving (AF), = cu, where cisaconstant. Theaverage 
value of c is 1-3, and the deviation between the experimental values of F and those 
calculated on the basis of [Cl] = 64-5 and c = 1:3 is 1-0% averaged over all 32 chlorine 
compounds. 

The value [F] = 37 was similarly derived from CF,, F,, and perfluorocyclobutane, and 
also from the perfluoroparaffins C,F,, C,Fj5, and C,F,,, u of the last two compounds being 
assumed to be zero. The values assigned to these two compounds are in agreement with 
the general principle outlined above, each terminal CF, group adding one unit to the chain 
length, and retaining the values of k, and k, derived essentially from hydrocarbon chains. 
The ¢ value chosen was 3, thereby implying (as expected) that the dipole alignment in 
fluorides is of greater importance than in chlorides. In mixed chlorine-fluorine compounds, 
the higher c value associated with fluorides is assumed to apply. The mean deviation over 
28 fluorine compounds is 1-1%. 

Evaluation of c for polar substances other than fluorides and chlorides cannot be 
undertaken at present owing to paucity of data on suitable poly-derivatives of zero p 
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(e.g., in the bromine series, data are available only for bromine itself, the F value for CBr, 
being very unreliable). The atomic or structural constants for all other polar groups are 
therefore to be regarded as values which include any polar orientating effect. It may well 
be, on the other hand, that, apart from fluorine and chlorine compounds, the effect is too 
small to be detected; e.g., in the hydrogen halide series, the effect would be expected to 
decrease in the order HCl1>HBr>HI, in view of (a) the decrease in p, and (0) the fact 
that the increasing size of the halogen atom from Cl to I prevents closeness of approach of 
neighbouring molecules and hence of significant mutual orientating effect. 

It is to be understood, therefore, that all the compounds included in Table 6 have been 
treated on the assumption that the atomic or structural constants automatically include 
any dipole effect—including polyfunctional molecules which contain Cl or F (CCI,CN, 
Cl,0, CH,*COCI, etc.), and for which [Cl] = 63 and [F] = 36. The percentage deviation 
involved in this procedure will clearly be small except in the case of small molecules of 
either very low or very high polarity (the high negative deviations for, say, Me,BF and 
H-CO-NMe, may arise in this way). The F values for symmetrical compounds possessing 
zero u have, however, been calculated on the basis of [Cl] = 64-5 (SiCl,, SnCl,, GeCl,). 

Cyano-compounds.—The mean deviation is 1-1°%% over 17 compounds. 

Nitro-compounds.—A mean deviation of 0-4°% is shown by 9 nitro-alkanes; must be 
such a value as to recognise extension of the chain by the terminal oxygen atom. 

Alkyl Nitrates—The mean deviation for 5 compounds is 1-2%, the same value of 

NO,] being used as in nitro-compounds, and [O] being taken as 27 as in ethers (see below). 

Additivity Function for Compounds containing Bivalent Atoms or Radicals.—Sulphur 
compounds. The vapour pressures of a large number of sulphur compounds have been 
accurately measured by White, Barnard-Smith and Fidler,*4 and the corresponding F 
values have been calculated by using the published Antoine constants. Such values, for 
reasons already mentioned in connection with hydrocarbons, are not tabulated. Data for 
certain additional compounds have been taken from other sources (Table 6). As expected, 
the insertion of S into a carbon chain adds one unit to the total chain length, and for —-S-S- 
m is assumed to increase by 2. With [S] = 55, the deviation averaged over 15 alkyl 
sulphides is 0-4°%, over 9 thiols 0-6°%%, and over 9 alkylthiocycloalkanes 0-394. The value 
of [S~-S] (114) would appear to be higher, by 4 units, than 2[S], the mean deviation being 
0-89, over 7 alkyl disulphides. The corresponding deviation, with [S-S} = 110, would 
be 1-8%. 

Ethers. Sixteen oxygen compounds of diverse types are tabulated, the mean deviation 
being 1-1%. 

Carbonyl compounds. The CO group, just like O or S, when inserted into a carbon 
chain, adds one unit to the total chain length. The mean deviation for 10 open-chain 
compounds is 0-4%,. 

Esters. The type R-CO-OR has a chain length equal to that of RCCH,°CH,R. Methyl 
groups attached to the CO group (but not to the oxygen atom) are again to be regarded 
as “ rigid” in the liquid state. It should be observed that the sum of the contributions 
CO} + [O] = 71-5 is almost equal to the value [-CO,-] = 7] assigned toesters. This small 
difference could obviously be due to uncertainty in the assessment of group contributions. 
The mean deviation is 0-6% over 17 compounds. 

Additivity Function for Compounds containing Ter- and Quadri-valent Atoms.—The most 
extensive data are for boron compounds, the mean deviation being 0-8°% over 13 com- 
pounds of quite diverse types. The value [N] = 20 should be considered provisional, 
being based on data for only 7 compounds. The value [P] = 57 is based in the main on 
the series R-PCl,. Vapour pressures were recorded in the literature only in graphical form, 
and the uncertainty in reading off individual values leads to some unreliability in the 
calculated F values. Table 6 also includes 21 silicon compounds, the mean deviation 


21 White, Barnard-Smith, and Fidler, Ind. Eng. Chem., 1952, 44, 1430. 
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being 1-1%, taking [Si] = 51, as well as 4 compounds of tin, 7 of germanium, and 3 each 
of antimony and arsenic. 

Polynuclear aromatics and heterocyclics. Values calculated on the assumption that 
each (Kekulé) carbon-carbon double bond has the “‘ aromatic ’’ value 4-4 are in excellent 
agreement with the observed values. The value of [pyridine] is taken as 150-6. 

Compounds containing three- and four-membered rings. Seven such compounds show a 
mean deviation of 1-2°%, [3 and 4 membered rings] being taken as = 2. 

Compounds containing seven- and eight-membered rings. Four such compounds show a 
mean deviation of 0-6°% if we take [7 and 8 membered rings} = — 3. The double bonds 
in cyclohepta-1 : 3: 5-triene and in cyclooctatetraene are assumed to be of normal, 1.¢., 
non-aromatic, type. 

Compounds of Hybrid Type.—The last section of Table 6 lists 41 polyfunctional sub- 
stances not taken into consideration in the earlier evaluation of atomic and structural 
constants. It includes many data of questionable reliability, and the mean deviation of 
1-3°%4 can be regarded as satisfactory. The somewhat large deviations shown by styrene 
derivatives (mean 1-8° over 9 compounds) might be expected on the grounds of possible 
polymerisation during measurements. Large negative errors are exhibited by propio- 
phenone (2-7%), benzophenone (2-9%), anisole (2-5°%), and phenetole (3-5%). All four 
measurements were carefully carried out on materials estimated as of 99-6—100 mole %, 
purity, and it would appear that such errors lie outside the limits of experimental error. 

Compounds containing Elements in Higher Valency States—The observed values of F 
for such compounds are consistently lower by appreciable amounts than the values cal- 
culated on the basis of the atomic constants previously evaluated. Structural increments 
in respect of possible double bonds would still further increase the discrepancy. Owing 
to insufficient data, the behaviour cannot yet be rationalised, and a few examples will 
suffice (Table 7). 


TABLE 7. 

F F Diff. Method F F Diff. Method 

Compound (exptl.) (calc.) (%) Refs. ofcalcn. Compound (exptl.) (calc.) (°%) Refs. of calcn. 
| eee 63-5 69-0 9 30 1 BG: <sknersivnss 220-0 271-0 23 37 l 
» eae 130-3 1465 12 31 1 RS . aicinuns 149-3 1710 15 38 2 
Me’PH,,BH,121-:0 141-0 17 32 1 199-8 236-0 18 39 2 
ern 103-0 136-0 32 «33, 34, 1 2 109-3. 117-0 7 40 1 
35 Me-PO(OMe), 214-2 241-3* 13 41 l 

ee 174-9 199-0 14 36 1 
* Taking n = 2. 


Associated Compounds.—Alcohols, phenols, primary and secondary amines, and amides 
have F values considerably lower than the values calculated on the basis of monomeric 
formule, owing to the absorption of energy in the breaking up of the polymers. I hope in 


List of atomic and structural constants. 


H 6-5 Zn = 120 C-C treble bond : 4-5 
D > 62 Ge 123 3- & 4-membered rings 2 
B 15 As 121 5- & 6- - si O-7 
Cc 17-0 Se 121 7- & 8- ~ in =-—3 
N (tertiary) = 20 Br - 128 ~C=N = 44 
O = $7 Sn = 175 =.’ as = 44:5 
F = 36 (37) Sb = 148 —<—>->- = 7 

Si = 505 I 195 —-NO, (nitro) - 78 
4 57 C-C double bond 5-5 Pyridine 150-6 
Ss = 655 C-C double bond (aromatic) = 44 Benzene = 155-0 
Cl = 63 (64:5) C-C double bond (allene type) = 3-6 


99 


the immediate future to re-examine my views on molecular association * in the light of 
the more accurate estimates of entropies of boiling now presented. 
Estimation of Latent Heat and Vapour Pressure of Liquids.—If vapour-pressure data are 


22 Thomas, /., 1948, 1345, 1349. 
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to hand, the latent heat of vaporisation of a given compound at any temperature up to 
the critical can readily and conveniently be calculated in the manner described earlier.” 
The present paper supplements these methods in the case of a compound whose b. p. is 
known at one pressure only. Thus the b. p. (7°K) under any other pressure can be 
evaluated from the equation 


logio T = logy 8 + (F/Z)(Z/F benzene 10849 (T'/®) benzene 


where J beuzene ANd Openszene are the b. p.s of benzene under the same two pressures, and IF 
is the value calculated from the atomic and structural constants and equation (6). This 
equation can obviously be used to calculate O®penzene from a known 7 value. The vapour 
pressure of benzene at ®penzene then, of course, equals that of the substance at T°. Table 8 
shows the b. p.s of a number of hydrocarbons under a pressure of 10 mm. so calculated 
from the b.p.s under 760 mm. Hg. The magnitude of the error likely to be involved in 
this procedure has been discussed on p. 2136. In Table 8 the average deviation involved 
in the calculation of 7 is 0-2°, whereas the mean deviation in the corresponding calculated 
F values is 0-4%. 
TABLE 8. 
logy» (7/100) = logy, (8/100) -- 0-037421°/Z. 
B. p. (°c)/10 mm. 


Substance Exptl. Calc. 
SN | <cncusesamaehidunpannnenentinmhidinsdsssienlansuedhsietieais wiieasiniihin — 142-9 —- 143-0 
SNE Sidesnnshetsacersesesicenemniitniantishsadnediadaleshiospiomanneres — 112-1 —1125 
I SPIED csticecccntresccacssccsnnesscaseecenesdeuccsesiseansanwesana — 57-1 — 57-5 
GN ectnceinsccstncamindinimnsasasoessansanaeentsceuseiinimboeuembinee — 50-1 — 50-0 
SONI dandsndtidnistsersecnssenctusacmnenseamensasesnizneascacheess inna — 40-4 — 40-0 
IND cesawnascnceserccscccesccsabsesscovenconssncocsecsestescases — 30-1 — 29-9 
Ok SIND cssumascekiananvatatennouksedevestevaucsbasevawedetss —10-3 —10°3 
Pe ININIIED  negctusieraterseociesixchuxdntbonariésbasverdersovieeiess —3-2 —3-2 
cis-1-Ethyl-2-methylcyclopentane ...............cscscscecscescscecescees 14-5 14-3 
BECVEOMBORG oo5.000cccecscccesessces Se a nn a 25-9 26-1] 
sa a Ps re ONOIND sc cccvinnacecsccrectnastednescaccscasacsss 27-2 26-9 
I eecaalhietatsictisnd pins amncairoa ga netncmenaniacionieensdaeminnacnecibsmansiias 35-5 35-9 
ED aninccnaniensvaccnsdndatatenekesenvibaasinioneieeestenn 62-8 62-6 
IIIT sdrinnndsudedacossdnkskarnqouneideusmsatisnasartachitionmncnabtn 62-4 62-6 
SEEN ~ sitbuncuawiincondestetaethiusaaenaedbinusarsiemaarenecsl enctaanan 91-6 91-3 
PINE swsisadbsualsncienadsinhcurssahexsicuidessntaasemetenaiets 147-3 147-5 


To find the latent heat of vaporisation (Table 9) at a temperature 7°(k), it is first 
necessary to calculate from the known b. p. the corresponding vapour pressure as above. 
The value of E then follows from the relationship E = ZTx/F, where x is the ratio of the 
value of E/T at the determined vapour pressure to its value at 100 mm. pressure. The 
method to be used in evaluating x has been outlined in ref. 9, Table 1. 


TABLE 9. 


p (mm.) I (cal./g.) 

Substance T (°K) (calc.) (exptl.) (calc.) (exptl.) Refs. 
n-Octane ......... ieansienn 298-1 14-2 14-0 86-3 86-8 122 
3-Methylheptane ............ ‘a 19-8 19-5 82-9 83-3 
2: 5-Dimethylhexane ......... “" 30-7 30-4 78-9 79-2 
2:2: 5-Trimethylhexane ......... a 16-7 16-6 74:3 74-9 
ee eS coacmenibaibe - 28-2 28-4 99-8 98-6 i 
RII sick iccnncedtasecniensds 293-9 7:3 6-8 95-7 95-6 123 


At temperatures sufficiently removed from the b. p. (say, below ~50 mm., when the 
difference between EF and L will not exceed ~}%), we may equate E to L, so that the latent 
heat per g. = Z7x/MF. Its value at any temperature up to the critical may then be 
calculated in the manner previously outlined.* 

DEPT. OF CHEMISTRY AND CHEMICAL ENGINEERING, 

GLAMORGAN COLLEGE OF TECHNOLOGY, TREFOREST, GLAM. [Received, May 13th, 1958.) 
73 Thomas, J., 1949, 3415. 
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431. Michael Additions to Methoxy-p-benzoquinone. 
By J. A. D. JEFFREYS. 


Methoxy-p-benzoquinone undergoes Michael additions to give compounds 
of type (I; R, R’ = CO,Alk, CN, Ac); displacement of the methoxyl group 
can also occur. The products readily cyclise, giving a lactone or a furan. 
In alkaline solution, compounds of type (I) are readily oxidised by air to the 
blue anion of the corresponding quinone. 


METHOKY-p-BENZOQUINONE was prepared from methoxyquinol by use of dichromate ™ 
in weakly acid solution.” Michael additions of diethyl and dimethyl malonate, ethyl 
cyanoacetate, malonodinitrile, and ethyl acetoacetate to this quinone were made with an 
alkoxide ion as catalyst (method 1). In addition, diethyl malonate and ethyl cyanoacctate 
were added with ammonia as catalyst (method 2). Primary products of type (I; R and 
R’ = CO,Alk, CN, or Ac) were isolated, except that the product from ethyl acetoacetate 
was unstable. These dissolved in weak alkali (e.g., sodium hydrogen carbonate solution) 
with the production of an intense blue colour, which was stable for several hours but was 
rapidly destroyed in 2N-sodium hydroxide. 


TABLE 1. Absorption maxima (mz; approx.) in the visible spectrum of the anions of 
some Michael addition products derived from p-benzoquinone. 


Product from Amas.* Product from Aas. 
p-Benzoquinone and: Methoxy-p-benzoquinone and: 

Rik CIID a iictisiencscsccinestcnceneianed meee. 585 BE ROMO YERCRENND ac cccsccccsccncceccscsee 540 

Methoxy-p-benzoquinones and: . PD, nideccccamiccanmanecianeseens 530° 
Sl: WIE nikksinccedonvieisnccicverpsanseqsacons 585 BIE saiccsesisccatnakhiavencnieserdsiess 530° 
Bee MIEN | Sluis vncntxcenccscunescmeaanes 605 PND | sestsccatsaccncancmasecntasicess 5804 
IN: senncctsivecsbavahecivesvecuinen 605 oo nr errr err None* 
ee ID occa cniiccacecnsnicwiaccuncsinn 530 


* Solutions blue. ° Solution blue, rapidly becoming purple. ¢ Very weak; solution purple. 
@ Very weak; solution pink. * Solution green, becoming brown. 
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Oxidation of the adduct (I; R = R’ = CO,Et) with acidified dichromate gave the 
corresponding quinone as an oil. Like the parent quinol, this dissolved in alkali to a deep 
blue solution which, after acidification, showed ultraviolet absorption maxima at the same 
wavelengths as a solution of the pure quinone, but with e values decreased by about 10%. 
Thus, the blue colour is that of the anion of the quinone (II); the two chief canonical 
structures of the resonance hybrid are shown. That similar quinones form stable anions 


1 (a) Dimroth, Eber, and Wehr, Annalen, 1926, 446, 147; (5) Erdtmann, Proc. Roy. Soc., 1934, 
A, 148, 191. 
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has long been known, and it has been stated * that the quinone (III) is a stronger acid 
then diethyl malonate. Attempts to prepare quinones from the quinols (I; R = CO,Et 
or CN, R’ = CN) failed, but solutions of these quinols in n/1000-sodium hydroxide, of such 
a concentration that the dissolved oxygen would be enough for complete oxidation to the 
quinones, had absorption spectra that were qualitatively very similar to that of the anion 
(Il) (Figure), compound (I; R = CO,Et, R’ = CN) having max. 236, 302, 350, and 605 my, 
and (I; R = R’ = CN) 242, 300, 363, and 605 (inflection at 490) mu. Table 1 shows the 
dependence of the position of maximum absorption in the visible spectrum on the nature 
of the methylene component. Dialkylaminovinylquinones * (e.g., IV), the structure of 
whose resonance hybrid resembles that of the anion (II), show light absorption similar to 
that of this anion. 


TABLE 2. Infrared bands (cm.") between 1650 and 2500 cm. (recorded by a 
Grubb-Parsons Type 54 instrument, with the samples in KCI discs). 





Compound Band Assignment Compound Band Assignment 
(I; R = R’ = CO,Et) .... 1739 CO (Ester) EAE décntemsewintesamsigsnoees 1675 CO (Amide) 
Ul nibatiniceioaenebnvetenceaiens 1739 CO (Ester) 1745 CO (Ester) 
1815 CO (Lactone) 2273 CN 
(I; R = CO,Et, R’ = CN 1736 CO (Ester) 2353 Not known 
2273 CN 2:5:1:34 
SOE scinchdendvsanemsiisathantie 1667 (infl.) CO (Amide) (HO),C,H,(CH,°CO,Et) 1715 CO (Ester) 
SUED wiudasxeinduninniontunens 1672 CO (Amide) 2310 Not known 
2358 Not known 2420 
OH fe) o- fo) 
e S 
MeO MeO | CO, Et MeO CO;Et Br Me 
Z CHRR’ « C Me CH(CO,Et), 
C-OEt C-OEt 
OH Oo § So 0 
(1) O- (11) 1e) (111) 
o a OH OH 
Cl Cl Cl Cl MeO MeO 
«> 
Cl Cl CH 
it aol CO, Et 
O  CH-NMe, lea O 
oO 
(1V) (V) 
me a H,N-OC 
MeO — S 
CO-NH; 7™~-CN 
| O€Et 
.e) OEt C 4 
(VIL) (VIIL) at 
ErO,C ErO,C 
C wl “ a ~ Ro 
NC: NC-H 
Ce _— OMe 
| 
OH 
CO-NH, Su CH-CN 
| O 
(X) Oo OEt (XI) (X11) 


On treatment with acid, the primary adducts readily underwent ring-closure; the 
quinol (I; R= R’ = CO,Et) gave the lactone (V), and the chief crystalline product 
isolated from the reaction of methoxy-f-benzoquinone with ethyl acetoacetate was the 
benzofuran (VI). The quinol (I; RK = CO,Et, R’ = CN) gave an isomer formulated as 


2 Smith, Arnold, and Nichols, ]. Amer. Chem. Soc., 1943, 65, 2131. 
* Buckley, Henbest, and Slade, /., 1957, 4891. 
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(VII), since the compound has no ester-carbonyl or nitrile band in the infrared spectrum 
(the parent quinol has both bands), nor has it a lactone-carbonyl band; however, it has a 
band at 1667 cm., suggesting an amide group. If structure (VII) is correct, it is possible 
that it is formed by rearrangement of the ortho-ester (VIII). 

When made by method (1), the quinol (I; R = CO,Et, R’ = CN) was accompanied 
by several other compounds. Analyses of two of these indicated formula C,,H,,0,N,, and 
on the basis of their infrared spectra (see Table 2) these compounds are formulated as (IX) 
and (X). The former appears to be the same as the adduct from p-benzoquinone and 
ethyl cyanoacetate described by Wood e¢ al.‘ as the quinol (XI). Acid hydrolysis of com- 
pound (IX) and then esterification gave 2 : 5-di(ethoxycarbonylmethyl)quinol, identical 
with a sample prepared by the method of Wood et al. Displacement of a methoxyl group 
by the anion of the methylene component was not noticed in any of the other cases; 
nucleophilic displacements of a similar type have, however, been described before.*+5 

Although the quinols of type (I) were readily oxidised by air in weakly alkaline solution 
to the anions of the corresponding quinones, treatment of the quinol (I; R = CO,Et, 
R’ = CN) with acidified dichromate gave no simple quinone, but a very small yield of a 
red substance whose ultraviolet absorption resembles that of the dibenzofuran (XII) 
produced by acid-catalysed or thermal rearrangement of 4: 4’-dimethoxydiphenyl- 
2:5: 2’: 5’-diquinone.® 

EXPERIMENTAL 

Ultraviolet spectra were measured on a Unicam S.P. 500 spectrophotometer. Woelm acid 
alumina was used throughout, and the dry powder measured by volume; Roman numerals 
refer to the Brockmann grade, prepared according to the makers’ instructions; before use, the 
alumina was exposed to sulphur dioxide. Unless otherwise stated, light petroleum had b. p. 
40—60°. : 

Methoxy-p-benzoquinone.—Methoxyquinol was prepared from vanillin by a method pre- 
scribed 7 for the conversion of ortho-vanillin into pyrogallol monomethyl ether. The crude 
product (yield, 60—70%) distilled at 177°/16 mm., with no fore-run, but gave a precipitate 
with Brady’s reagent. It was used without further purification. A cooled mixture of con- 
centrated sulphuric acid (31 ml.) and water (50 ml.) was added to a solution of the crude quinol 
(53 g.) in water (250 ml.), and the whole run dropwise into a stirred solution of sodium dichromate 
(41 g.) in water (200 ml.) containing a little ice. More ice was added in small quantities during 
the oxidation. After all the methoxyquinol had been added, the solution (final volume ca. 
800 ml.) was stirred for a further 15 min., then extracted with chloroform, and the extract 
dried (Na,SO,) and concentrated, to yield the yellow quinone (36 g., in two crops), m. p. 142° 
(lit., 145°). 

Michael Additions to Methoxy-p-benzoquinone.—(a) Diethyl malonate. Method (1). Solutions 
of methoxy-p-benzoquinone (10 g.) in chloroform (100 ml.) dried by azeotropic distillation, and 
of diethyl sodiomalonate [made by dissolving sodium (1-6 g.) in anhydrous ethanol (100 ml.) 
and then adding malonic ester (7 ml.)] were separately cooled to —40°, mixed, and kept for 
5—10 min. Liquid sulphur dioxide was sprayed in tiil the mixture became red and after 
20 min., water (about 700 ml.) was added, and the mixture extracted with ether. The upper 
layer was separated and washed, first, with successive small quantities of sodium hydrogen 
carbonatesolution until the washings, which were initially yellow, had changed through red, brown, 
and green, to blue, then with aqueous sulphur dioxide solution, finally repeatedly with water; it 
was then dried and evaporated, and a little benzene was added tothe residue. Crystallisation was 
spontaneous and after recrystallisation from water, then from light petroleum {b. p. 100—102°), 
diethyl 2: 5-dihydroxy-4-methoxyphenylmalonate had m. p. 137° (Found: C, 56-9; H, 61. 
C,,H,,O, requires C, 56-4; H, 6-0%). The yield was variable (0-5—3-5 g.), usually about 1-5 g. 

Method (2). A solution of the quinone (1 g.) in absolute ethanol (100 ml.) containing 
diethyl malonate (2 ml.) was run down a column (12 x }’) packed with glass beads, through 
which a current of ammoniacal air was drawn. The effluent was run into dilute acid (about 

# Wood, Colburn, Cox, and Garland, J. Amer. Chem. Soc., 1944, 66, 1540. 

5 Fieser, J. Amer. Chem. Soc., 1926, 48, 2936. 

* Erdtman, Proc. Roy. Soc., 1934, A, 148, 223. 

? Surrey, in ‘‘ Organic Syntheses,” John Wiley & Sons, Inc., New York, 1955, Vol. III, p. 759. 
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500 ml.) through which a stream of sulphur dioxide was passed. After extraction with ether, 
working up was as described above (yield, 0-1—0-25 g.). 

Slow chromatography of this ester in ether over alumina (grade II or III) caused partial 
conversion into the more strongly adsorbed lactone, ethyl 5-hydroxy-6-methoxy-2-oxobenzofuran- 
3-carboxylate (V), which crystallised from ether as rhombs, collapsing in air, m. p. 204° (decomp. 
from 180°) (Found: C, 56-7; H, 5-1. C,,H,,O, requires C, 57-1; H, 4:8%). 

(b) Dimethyl malonate. Method (1) was followed, on half the scale, with methanol in place 
of ethanol. After evaporation of the solvents, the crude product was extracted from the 
residue with boiling ether-light petroleum (1 : 5 v/v), which left tar undissolved. Two experi- 
ments gave (i) 30 mg., (ii) no yield. Recrystallisation from ether-light petroleum gave dimethyl 
2 : 5-dihydroxy-4-methoxyphenylmalonate, m. p. 139° (m. p. 115—117° on admixture with the 
diethyl ester) (Found: C, 53-1; H, 5-1. C,,H,,O, requires C, 53-3; H, 5-2%). 

(c) Ethyl cyanoacetate. Method (1) was followed, on half the scale described in (a). After 
evaporation the ether-soluble portion of the residue was chromatographed over alumina (65 ml. ; 
grade II). Unchanged ethyl cyanoacetate was followed by a fraction giving a blue colour with 
sodium carbonate solution, then by one giving a pink colour with this reagent. From the latter 
two fractions were isolated: (a) an oiland (b) crystals (0-08 g.) of 3 : 7-dicarbamoyl-2 : 6-dtethoxy- 
benzo[1,2-b : 4,5-b]difuran (IX), m. p. 268° (decomp.) (Found: C, 58-3; H, 5-0; N, 8-5. 
C,,H,,O,N, requires C, 57-8; H, 4-8; N, 8-4%). Acid-hydrolysis and then esterification with 
ethanolic hydrogen chloride gave 1 : 4-di(ethoxycarbonylmethy]l)-2 : 5-dihydroxybenzene, m. p. 
153° (Kofler block), identical (infrared spectrum) with an authentic sample, m. p. 153°. Treat- 
ment of the oil with ether—light petroleum gave (inter alia) crystals of ethyl a-(3-carbamoyl-2- 
ethoxy-5-hydroxybenzo|b]fur-6-yl)-«-cyanoacetate (X), m. p. 193—195°, solidifying and remelting 
at ca. 210° (decomp.) (Found: C, 58-3; H, 5-1; N, 8-7. C,.H,,O,N, requires C, 57-8; H, 4-8; 
N, 84%). The compound gave an intense pink colour with 2N-sodium carbonate. 

In another run, on the scale described, the ether-soluble products were chromatographed 
over alumina (40 ml.; grade III), and the fractions giving a blue colour with sodium carbonate 
solution collected and evaporated. The combined residues were recrystallised from ether— 
light petroleum (3:7, v/v), yielding ethyl «-(2 : 5-dihydroxy-4-methoxyphenyl)-a-cyanoacetate 
(Found: C, 57-7; H, 5:1; N, 5:7. C,,H,,0O,;N requires C, 57-5; H, 5:2; N, 56%). The 
compound had no definite m. p.; heated in a capillary tube, most of the crystals softened from 
about 110—120°, melting being complete between 140° and 150°, usually at 147°; however, 
isolated crystals on the wall of the tube melted completely at about 120°, resolidified at about 
130°, and remelted at about 175°. Paper chromatography (acetic acid—butanol—water, 1 : 4: 5) 
and exposure to ammonia vapour developed a single blue spot, Ry 0-92; spraying the alkaline 
paper with Folin-Ciocalteau reagent did not reveal any other spots, showing the absence of 
phenolic impurity. 

Method (2). This experiment was done as described in section (a). Isolation of the product 
with ether and chromatography of the crude extract over alumina (30 ml.; grade III) gave the 
quinol (I; R = CO,Et, R’ = CN) (0-24 g.). In a repetition of this experiment, in which the 
mixture was set aside overnight before extraction with ether, the only product isolated was 
2-ethoxy-5-hydroxy-6-methoxybenzofuran-3-carboxyamide (VII) (0-33 g.), m. p. 173° (from 
benzene) (Found: C, 57-3; H, 5-2; N, 5-8. C,,H,,0;N requires C, 57-5; H, 5-2; N, 5-6%). 

(d) Malonodinitrile. Using malonodinitrile (2-3 g.) and half quantities of the other reagents, 
as in (a), method (1), gave 0-6 g. of ether-soluble material. Chromatography of this in ether 
over alumina (60 ml.; grade III) gave 2: 5-dihydroxy-4-methoxyphenylmalonodinitrile, needles 
(from methyl cyanide), m. p. 233° (decomp.) (Found: C, 59-35; H, 4-3. C,9H,O,N, requires 
C, 58-8; H, 3:99). The compound is very readily oxidised. 

(e) Ethyl acetoacetate. Method (1) in section (a) was followed. After evaporation of the 
solvents, the residue was extracted with boiling light petroleum, then with ether. Concentra- 
tion of the ether gave ethyl 5-hydroxy-6-methoxy-2-methylbenzofuran-3-carboxylate, prisms (from 
95% ethanol), m. p. 160—161° (Found: C, 62-0; H, 5-5. C,,;H,,O, requires C, 62-4; H, 5-6%). 
After evaporation of the petroleum, the residue was dissolved in ether; this ethereal solution 
gave a deep blue colour to sodium carbonate solution. After passage through alumina (100 ml.; 
grade III) the eluates gave only a weak blue colour to alkali, and contained a small quantity 
of the benzofuran (VI). 

5 - (Diethoxycarbonylmethyl) - 2- methoxybenzoquinone.—The quinol (I; R = R’ = CO,Et) 
(0-4g.) was dissolved in warm water (200 ml.) containing 1 drop of 0: Ly-sulphuric acid and, after 
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being cooled, was added to a mixture of water (100 ml.), ice (300 g.), 0-1N-potassium dichromate 
(28 ml.), and N-sulphuric acid (4 ml.); after 40 min., the solution was extracted with ether, and 
the extract dried (Na,SO,), concentrated to about 20 ml., and run on a column of alumina 
(60 ml., grade II; this sample had not been exposed to sulphur dioxide). Development with 
ether caused a single, intensely purplish-brown band to move down the column, giving a yellow 
eluate. Evaporation of a portion of the eluate just behind the leading edge of the band left 5- 
(diethoxycarbonylmethyl)-2-methoxybenzoquinone as a pale yellow oil (Found, in material dried 
at 100°/16 mm. for 2 hr.: C, 56-6; H, 5-4. C,,H,,O, requires C, 56-8; H, 5-4%). Treatment 
of the quinone with aqueous sulphur dioxide gave white crystals, m. p. 138° (mixed with the 
parent quinol, m. p. 137°). 

Measurement of the Spectra for Table 1.—In those cases in which the quinols of type (I) were 
not isolated, solutions of the quinone (0-2%; 4 ml.) in absolute ethanol, the reactive methylene 
component (4 ml. in 10 ml. of 50% ethanol), and 5% sodium hydrogen carbonate solution (1 ml.) 
were mixed, and the spectra examined an a 2 mm. cell; with dimedone, 4 ml. of a 10% solution 
in absolute ethanol were used, ina 10 mm. cell. Many experiments had to be made to determine 
the position of Amax,, because of the speed with which the colour faded. 


This work was done during the tenure of an I.C.I. Fellowship, for which I thank this 
University. 
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432. Chemical Constitution and Amebicidal Action. Part III.* 
Synthesis of an Analogue of Emetine and Two Stereoisomers of 
De-ethylemetine. 

By M. Barasu and J. M. OsBonp. 


An open chain analogue (VI) of emetine has been prepared as a potential 
ameebicide. A new route to de-ethylemetine (XV) has also been developed 
which has allowed the synthesis of two stereoisomers of this base. 


ALTHOUGH challenged by antibiotics and a range of relatively simple compounds effective 
in varying degrees, emetine (VII) is still? pre-eminent in the treatment of amecebiasis.* 
Many attempts to obtain simple analogues having the same or enhanced activity have so 
far not had practical success: * it appears that emetine is very specific. So we decided 
to prepare a close analogue, (VI), formally derived from emetine (VII) by fission of the 
bonds a—a and b-b and then to utilise one of the intermediates, (II), for synthesis of de- 
ethylemetine (XV). 

The starting material, 3 : 4-dimethoxyphenethyl iodide, was prepared from 3: 4-di- 
methoxybenzyl cyanide, obtained by chloromethylation of veratrole® or from vera- 
traldehyde. Catalytic reduction of the aldehyde gave 3 : 4-dimethoxyphenethyl alcohol 
which was converted into the chloride and nitrile; the derived ethyl ester was reduced by 
lithium aluminium hydride to 3:4-dimethoxyphenethyl alcohol. Alternatively vera- 
traldehdye was condensed with ethyl chloroacetate (Darzens reaction) to give ethyl 3: 4- 
dimethoxyphenylglycidate ; ® alkaline hydrolysis gave the sodium salt, which with aqueous 
oxalic acid gave 3 : 4-dimethoxyphenylacetaldehyde § whence lithium aluminium hydride 


* Part II, J., 1952, 4785. 


1 See Janot, in Manske and Holmes’s “ The Alkaloids,” Academic Press inc., New York, 1953, 
Vol. III, p. 363. 

* Rogers, Brit. Med. J., 1912, I, 1424; 1912, II, 405. 

3 Woodruff, Practitioner, 1954, 178, 441; ‘‘ Treatment of Human Amebiasis,” Trans. Roy. Soc. 
Trop. Med. Hyg., 1956, 50, 109. 

4 Osbond, /J., 1951, 3461; Amin, Linnell, and Sharp, J. Pharm. Pharmacol., 1957, 9, 588. 

5 Bide and Wilkinson, J. Soc. Chem. Ind., 1945, 84; Gaivron, J. Amer. Chem. Soc., 1949, 71, 744. 

6 Cf. Henecka, Annailen, 1953, 583, 126. 

7 Cf. Loftfield, J. Amer. Chem. Soc., 1950, 72, 2499; Shinya, J. Agric. Chem. Soc. Japan, 1950, 24, 
281; Chem. Abs., 1953, 47, 6374. 
® Eliel, McBride, and Kaufmann, J]. Amer. Chem. Soc., 1953, 75, 4293. 
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afforded the alcohol. The alcohol with thionyl chloride gave 3 : 4-dimethoxyphenethy] 
chloride and thence the iodide. 

The other starting material, ethyl 4-pyridylacetate, was prepared either from 4-acetyl- 
pyridine ® or from 4-vinylpyridine by the Kindler modification of the Willgerodt reaction 
to give 4-4’-pyridyl(thioacetyl)morpholine (with some 4-ethylpyridine “ and thioaceto- 
morpholide). Alkaline hydrolysis of the morpholide gave the required acid which was 
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esterified without isolation. Condensing ethyl 4-pyridylacetate with 3: 4-dimethoxy- 
phenethylamine gave the amide (I). Quaternisation of this with 3 : 4-dimethoxyphen- 
ethyl iodide in methanol gave the iodide (II), but reaction in benzene or without solvent 
gave a non-crystalline product having part of its iodine in non-ionic form.!* The 
quaternary salt was reduced catalytically to the piperidine base (III). This base was also 
prepared by the route (I) —» (IV) —~ (III), which confirms its structure. In a third 
attempt quaternisation of the 3 : 4-dimethoxyphenethyl iodide and ethyl 4-pyridylacetate 
and reduction of the quaternary salt to ethyl 1-(3 : 4-dimethoxyphenethy]l)-4-piperidyl- 
acetate was successful, but the final step, condensation with the phenethylamine, gave no 
crystalline product. 

The base (III) was readily cyclised by phosphorus pentachloride in chloroform or by 
phosphorus oxychloride in toluene to the dihydrotsoquinoline (V), hydrogenation of which 
gave the required tetrahydrotsoquinoline (VI). 

Although de-ethylemetine * (XV) has already been prepared four times,™ it has not 
been evaluated for amcebicidal properties and only one stereoisomer has been isolated. 
The base (XV) contains three asymmetric centres, so four racemic stereoisomers are 
possible and might have interesting chemotherapeutic properties. 

* The name bisnoremetine, previously used, is ambiguous as it could apply to emetine with 20H 
replacing 20Me. Eb. 


* Malan and Dean, J. Amer. Chem. Soc., 1947, 69, 1797; Katritzky, J., 1955, 2586. 

10 Noller and Wunderlich, J]. Amer. Chem. Soc., 1952, 74, 3835. 

11 Cf. Fieser and Kilmer, ibid., 1940, 62, 1354. 

12 Cf. Hartwell and Kornberg, ibid., 1946, 68, 868; Kosower, ibid., 1955, 77, 3883. 

13 (a) Pailer, Schneglberger, and Reifschneider, Monatsh., 1952, 83, 513; (b) Pailer and Strohmayer, 
ibid., 1952, 88, 1198; (c) Tomimatsu, J. Pharm. Soc. Japan, 1953, 78, 75; (d) Sugasawa and Oka, 
Pharm. Bull. (Japan), 1954, 2, 85. 
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We first tried to oxidise the quaternary salt (II) by the well-known alkaline ferri- 
cyanide procedure to the pyridone (VIII) which could by obvious methods be con- 
verted into de-ethylemetine (XV), but obtained only tars; there was a similar result in 
experiments with the simpler 1-(3 : 4-dimethoxyphenethyl)-4-picolinium iodide. Since 





CH, 
yc) 
HN OMe HN OMe 
VID aed CO (VII) 
this oxidation can be carried out with the 3-methylpyridinium salt 5 but not with the 
2-methyl isomer !¢ it appears that the reactive 2- or 4-methylene group is further oxidised 
possibly in the anhydro-base form. The pyridone (VIITi) was later prepared by a different 
method ! and converted into de-ethylemetine. 

Our second approach is shown in formule (IX) —» (XV); we had in mind its adapt- 
ation to the synthesis of emetine. 4-Methyl-2-pyridone '* with 3 : 4-dimethoxyphenethyl 
iodide in aqueous ¢ert.-butyl alcohol containing potassium hydroxide gave the N-substituted 
pyridone (IX); although under alkaline conditions the N-alkylpyridone is normally 
obtained, there are several recorded cases 1” where O-alkylation is the chief reaction; so, 
to confirm the structure of our compound, 2-bromo-4-methylpyridine 18 was converted by 
3 : 4-dimethoxyphenethy] iodide into a (non-crystalline) salt (XVII) which on mild alkaline 
hydrolysis !® gave the identical pyridone (IX). 

This pyridone with ethyl oxalate in the presence of potassium ethoxide 1*17.° gave the 
pyruvate ester (X). Attempts to oxidise the pyruvate ester or its potassio-derivative by 
alkali and hydrogen peroxide together *® were unsuccessful. It was necessary first to 
hydrolyse the ester with dilute alkali at 0° and then to add hydrogen peroxide which gave 
a good yield of the pyridone-acid (XI); a more convenient route was to use the potassio- 
derivative of the ester (X) in this reaction. From the mother-liquor of the oxidation a 
small amount of the 4-methyl-2-pyridone (IX) was isolated, presumably as a result of a 
reverse Claisen reaction. 

The structure of the acid (XI) was proved in two ways. The ester (X) or its potassio- 
derivative with hydroxylamine hydrochloride gave the hydroxyimino-ester (XVIII), 
hydrolysed by alkali to the acid (XIX), which afforded the nitrile (XX) by pyrolysis or, 
preferably, on treatment with acetic anhydride.24 Hydrolysis of the nitrile (XX) with 
dilute alkali yielded the acid (XI). Secondly, the acid (XI) at its decomposition point 
lost carbon dioxide and gave the 4-methyl-2-pyridone (IX); this behaviour is typical of 
2- and 4-pyridylacetic acids and would be expected with a similar 2-pyridone-acid. The 
methyl ester of acid (XI) was prepared both from this acid by diazomethane or from the 
nitrile (XX) by methanolic hydrogen chloride. The piperidone-acid (XII) was obtained 
by catalytic reduction of the pyridone-acid by using Adams catalyst. The structure 
of the acid (XII) was proved by cyclising its methyl ester (XXI) in toluene with 


4 Thyagarajan, Chem. Rev., 1958, 58, 439; Sugasawa, Kodama, and Inagaki, Ber., 1941, 74, B, 455. 
18 Bradlow and VanderWerf, J]. Org. Chem., 1951, 16, 73. 
16 Adams and Schrecker, J. Amer. Chem. Soc., 1949, 71, 1186. 
7 Leonard and Boyer, ibid., 1950, 72, 2980; Ramirez and Paul, J. Org. Chem., 1954, 19, 183. 

18 Lott and Shaw, J. Amer. Chem. Soc., 1949, 71, 70. 

18 Cf. VanderWerf and Bradlow, J. Org. Chem., 1951, 16, 1143. 

20 Kaslon and Cook, J. Amer. Chem. Soc., 1945, 67, 1969; Wislicenus, Ber., 1909, 42, 1141; Borsche 
and Manteuffel, Annalen, 1938, 526, 22; Snyder and Williams, J. Amer. Chem. Soc., 1954, 76, 1298. 
#1 Cf. Barnard and Bateman, J., 1950, 926. 


~ 








2160 Barash and Osbond: Chemical Constitution and 


phosphorus oxychloride to the known 1: 2: 3:4: 6: 7-hexahydrobenzo{a}quinolizinium 
iodide 1’ (XXII), and the properties of the salt (XXII) agreed with those in the literature. 

The triethylammonium salt of the 2-oxo-4-piperidylacetic acid (XII) in dimethylform- 
amide with ethyl chloroformate gave, in the usual way,” the ethoxycarbonyloxy-deriv- 
ative, which without isolation was treated with 3: 4-dimethoxyphenethylamine in the 


MeO MeO MeO MeO 
— — —» 
MeO MeO MeO MeO 
U VU VU ) 
(IX) 


Me (X) Cc (X1) CH, (X11) CH, 
EO0,c-0Cc” ” HO,c” * HO,C~ 
MeO MeO MeO Fi 
MeO N MeO nt T,HI MeO 
_ oO N 
daw on U 
CH, CH, CH, 
HN OMe NZ OMe f° 
HN OMe 
OMe a OMe [ cs 
(XV) (XIV) (X11) ” 


presence of triethylamine to give the amide (XIII) in two crystalline forms, m. p. 120— 
121° and m. p. 130—131°, which were interconvertible. This amide had previously been 
prepared by Tomitsu ™ as a gum and, after our work was complete, Sugasawa and Oka !4 
reported it as having m. p. 130—131°. 

Phosphorus oxychloride in toluene effected double ring closure of the amine (XIII) 
to the quaternary compound, characterised as the iodide hydriodide (XIV) and bromide 


MeO 
N MeO N* I 
Br Br(~ O 


| — | —H > (1X) 
N 
(XVI) Me (XVII) Me 
hydrobromide, both crystalline; the ultraviolet absorption spectrum was in agreement 
with this structure. 


Catalytic reduction of the iodide hydriodide was slow but complete, and the first 
racemate of de-ethylemetine (XV; A) separated as a crystalline dihydriodide and afforded 


(X) > R-CHyC-CO;EE = RCH,C-CO,H MeOy 
N-OH N-OH MeO 

(XVIII) — oN, 

R= | 

(XI) <—— = R-CH,-CN (XX) \ 


a dihydrobromide and dihydrogen dioxalate. The mother-liquors yielded a second isomer 
(XV; B), isolated as dihydrogen dioxalate and dihydrobromide.. The structures of the 


#2 Vaughan and Osato, J. Amer. Chem. Soc., 1952, 74, 676; Boissonnas, Helv. Chim. Acta, 1951, 84, 
874. 
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isomers were confirmed by the ultraviolet spectrum and dehydrogenation by mercuric 
acetate * of isomer B to de-ethylrubremetinium bromide (XXIII) as an orange-scarlet 
solid in good yield; it had the characteristic ultraviolet absorption *° (cf. rubremetinium 
bromide *4). 

Ameebicidal evaluation of these compounds was carried out on weanling rats infected 
with E. histolytica, by a modification of Jones’s method. Under standard conditions 
emetine has CD;, of 6-25—12-5 mg./kg.; by contrast, suitable hydrohalide salts of bases 
(V), (VI), (XIV), and (XV, A and B) were inactive at 250, 500, 5 » 100, 5 x 100, and 


5 » 100 mg./kg., respectively. 








(XII) 
‘ 
MeO MeO 
MeO —> MeO Nt : 
re) N 4 
, CH 
(XX]1) (XXII) =e 
Meo,c7 sis (XXII) 
EXPERIMENTAL 


3: 4-Dimethoxybenzyl Alcohol.—Veratraldehyde (120 g.; m. p. 43-5—45°) was hydrogenated 
in methanol in the presence of Raney nickel (ca. 10 g. in methanol) at 90° with an initial 
pressure of 50 atm., substantially completely in 2 hr. The mixture was cooled, filtered, and 
concentrated to a viscous oil which on distillation gave the alcohol (116 g., 95-5%), b. p. 112— 
120°/0-25—0-35 mm., n,)* 1-5520. : 

3: 4-Dimethoxyphenylacetonitrile.27—Thionyl chloride (17 c.c.) was added in 25 min. to 
3: 4-dimethoxybenzyl alcohol (25 g.) in benzene (20 c.c.) at 0°. After the initial reaction had 
subsided the benzene and thionyl chloride were removed under reduced pressure on the water- 
bath. The residue was refluxed in benzene (ca. 100 c.c.) with potassium cyanide (14-6 g.) in 
water (50 c.c.) for 2? hr. with stirring. The phases were separated and the aqueous phase 
was re-extracted with benzene. The benzene extracts were dried and distilled. The residue was 
distilled to give the nitrile (16-7 g., 63%), b. p. 128—130°/0-1—0-25 mm., m. p. 60—61°. 

Ethyl 3 : 4-Dimethoxyphenylacetate—A solution of the above nitrile 5 (90 g.) in dry ethanol 
(500 c.c.) was saturated with hydrogen chloride, then cooled to 0°. The nitrile which separated 
gradually redissolved to give a purple solution. The mixture was kept at 0° overnight, then 
most of the alcohol was removed under reduced pressure at 35°. Dry ether was added to the 
residue and the crystalline ethyl 3 : 4-dimethoxyphenylacetimidoate hydrochloride was collected 
and washed with dry ether; it recrystallised from cold ethanol-ether in prisms, m. p. 114-5— 
115° (Found: N, 5-7; Cl, 13-4. C,,H,,O,NCIl requires N, 5-4; Cl, 13-7%). The salt was 
dissolved in water; after a few minutes at room temperature an oil separated and this was 
extracted with ether. The aqueous solution was then kept in contact with ether for 18 hr., 
the ether extracts being separated from time to time. The ether extracts were combined, 
washed with dilute sodium carbonate solution and with water, and dried (Na,SO,). The 
residue after removal of the ether was distilled, to give the ester (94-3 g., 83%), b. p. 1832— 
136°/0-1—0-3 mm., m,*° 1-5192 (Found: C, 64-5; H, 8-0. Calc. for C,,H,,O,: C, 64:3; H, 
72%). 

Ethyl 3:4-Dimethoxyphenylglycidate—A mixture of 3: 4-dimethoxybenzaldehyde (re- 
distilled; 66-4 g.) and ethyl chloroacetate (redistilled; 41-3 c.c.) was added during 4 hr. toa 
stirred solution from sodium (9-4 g.) and absolute ethanol (133-2 c.c.) at —10°. Stirring was 
continued for a further 6 hr. at room temperature. After being*kept at room temperature 


23 Battersby and Openshaw, /J., 1949, 567. 

4 Karrer, Eugster, and Ruttner, Helv. Chim. Acta, 1948, 31, 1219. 

25 Jones, Ann. Trop. Med. Parasitol, 1956, 40, 130. 

® Bills and Noller, J. Amer. Chem. Soc., 1948, 70, 951. 

27 Livshits, Bainova, Bazilevskaya, Genkin, Preobrazhenskii, Rozanova, and Baranova, Zhur. 
obshchei Khim., 1951, 21, 1354. 
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overnight the mixture was poured on ice containing acetic acid (ca. 5c.c.). The yellow solid 
was filtered and dried (P,O,; vac.). After several days a dry solid (81-5 g., 77-1%), m. p. 49— 
51°, was obtained. Crystallisation from ether-light petroleum (b. p. 40—60°) gave the ester 
as needles, m. p. 52-5—53-5° (Found: C, 62-1; H, 6-3. C,,;H,,O; requires C, 61-8; H, 6-3%). 

3 : 4-Dimethoxyphenylacetaldehyde.—The glycidic ester (12-6 g.) in ether (100 c.c.) was added 
in 15 min. to a solution from sodium (1-25 g.) in methanol (17 c.c.) and water (1 c.c.) at 5°. The 
mixture was kept at 0° for 19 hr., and ether (20 c.c.) added after 7 hr. The sodium 3: 4-di- 
methoxyphenylglycidate (12-05 g., 98%) was collected and washed with ether. The salt 
(18-9 g.) was dissolved in water (75 c.c.) and added to oxalic acid (13-5 g.) in water (60 c.c.) at 
95—100° with a rapid stream of nitrogen passing through the solution, during 15—20 min. 
The solution was then heated for a further 5 min., cooled, and extracted three times with chloro- 
form. The chloroform extracts were washed with water and dried (Na,SO,). Distillation 
gave the pure aldehyde (8-6 g., 62%), b. p. 115—121°/0-7—1-0 mm., m,,*° 1-5430 Git..* a,° 
1-5431) (Found: C, 66-3; H, 6-7. Calc. for C,)H,,0,: C, 66-6; H, 6-7%). The 2: 4-dinitro- 
phenylhydrazone separated from ethyl acetate as orange-red needles, m. p. 168—169° (lit.,”* 
m. p. 169—169-5°). 

3: 4-Dimethoxyphenethyl Alcohol.—(1) Ethyl 3: 4-dimethoxyphenylacetate (33-6 g.) in dry 
ether (150 c.c.) was added dropwise with stirring to a suspension of lithium aluminium hydride 
(7-5 g.) in dry ether (150 c.c.) ; after 0-5 hour’s heating on a water-bath a fairly granular precipitate 
was obtained. Ethyl acetate (25 c.c.) was added, followed by 2N-sulphuric acid (excess) with 
ice-cooling. The aqueous phase was extracted with ether six times, the combined extracts were 
washed with sodium carbonate solution, dried, and evaporated. Distillation gave the alcohol 

25-2 g., 92°,), b. p. 126—128°/0-3—0-7 mm., m. p. 45—46-5° (lit.,2® m. p. 48°) (Found: C, 66-4; 
H, 8-2. Calc. for C,gH,,O,: C, 65-9; H, 7-7%). The toluene-p-sulphonate, prepared in pyridine 
at 0—5°, separated from ether—light petroleum and had m. p. 49—51-5° (1-04 g. from 1-82 g.) 
(Found: C, 60-9; H, 6-1; S, 9-4. C,,H,.0,S requires C, 60-7; H, 6-0; S, 9-5%). 

(2) 3: 4-Dimethoxyphenylacetaldehyde (8-63 g.) was reduced by lithium aluminium hydride 
(2 g.) in ether (100 c.c.), as above, to the alcohol (6-6 g., 75%), b. p. 112—118°/0-3 mm., m. p. 
41—43°. 

3: 4-Dimethoxyphenethyl Chloride.—Thiony] chloride (8-92 g., 0-075 mole) in dry benzene 
(15 c.c.) was added with stirring to a solution of 3: 4-dimethoxyphenethyl alcohol (9-1 g., 
0-05 mole) and diethylaniline (7-93 c.c., 0-05 mole) in benzene (60 c.c.) during 0-5 hr. The 
mixture was kept at room temperature for 1-5 hr., then heated on a boiling-water bath for 
10 min. Two-thirds of the benzene was removed under reduced pressure and the resulting 
solution was washed with water, dilute aqueous sodium carbonate, and water, dried (Na,SQ,), 
and evaporated. Distillation of the residue gave the chloro-compound (9-45 g., 94%), b. p. 
126°/0-3 mm., laths, m. p. 37-5—39-5° [from ether-light petroleum (b. p. 40—60°) at — 15°] 
(Found: C, 59-8; H, 6-7; Cl, 17-3. Calc. for C,)H,,0,Cl: C, 59-9; H, 6-5; Cl, 17-7%). 

3: 4-Dimethoxyphenethyl Iodide.—(1) Sodium iodide (132 g.; dry and powdered) was refluxed 
in dry ethyl methyl ketone (1 1.) for 1-5 hr. The mixture was then cooled, 3 : 4-dimethoxy- 
phenethyl! chloride (117 g.) in dry ethyl methyl ketone (200 c.c.) was added, and the mixture 
refluxed for a further 10 hr. Precipitated sodium chloride was removed, most of the ketone 
was distilled off, and the residue was dissolved in ether and water. The aqueous layer was 
extracted six times with ether and washed with sodium thiosulphate solution and water. The 
ether extract was dried and evaporated and the residue distilled, to give the iodo-compound 
(157 g., 92%), b. p. 112°/0-3 mm., prisms, m. p. 45—47° [from ether-light petroleum (b. p. 40— 
60°)] (Found: I, 42-9. Calc. for C,gH,,0,I: 1, 43-4%). 

2) 3: 4-Dimethoxyphenethy] toluene-p-sulphonate (1-68 g.) was refluxed in dry acetone 

(25 c.c.) with sodium iodide (0-82 g.) for 3 hr. The sodium toluene-p-sulphonate (0-92 g.) was 
filtered off and the acetone was removed under reduced pressure, and the product was obtained 
as in (1), having m. p. and mixed m. p. 45-5—48°. 

4-4’-Pyridyl(thioacetyl)morpholine.—Redistilled 4-vinylpyridine (10-5 g., 0-1 mole), sulphur 

(4-8 g., 0-15 mole), and morpholine (13-0 g., 0-15 mole) were refluxed at 160° for 16 hr. The 
resultant dark mass was dissolved in ethanol (15 c.c.) and cooled to 0°. The morpholide 
(11-83 g., 53%) was collected and recrystallised from ethanol as yellow prisms, m. p. 105—107° 


*® Kaufmann, Eliel, and Rosenkrantz, Ciencia (Mexico), 1946, 7, 136; Scopf, Gottman, Meisel, and 
Neuroth, Annalen, 1949, 563, 86. 
*® Brace, J. Amer. Chem. Soc., 1953, 75, 357. 
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(lit.,8 m. p. 104—105-5°). The alcoholic mother-liquor was basified with aqueous potassium 
hydroxide and extracted 6 times with ether. Distillation of the ether-soluble material gave 
4-ethylpyridine (1-35 g.), b. p. 50°/12 mm., ,”° 1-4988 (lit., 1-5022) [picrate, m. p. and mixed 
m. p. 167—169° (from alcohol)], and thioacetomorpholide (0-6 g.), b. p. 143—146°/12 mm., 
m. p. 90—92° (lit.,22 m. p. 89—91-2°) (Found: C, 49-7; H, 7-8; N, 9-6; S, 22-1. Calc. for 
C,H,,ONS: C, 49-6; H, 7-6; N, 9-6; S, 22-0%). 

Ethyl 4-Pyridylacetate.—4-4’-Pyridyl(thioacetylmorpholine (33-3 g., 0-15 mole) was refluxed 
with potassium hydroxide (23 g.) in alcohol (180 c.c.) for 16 hr. Water (360 c.c.) was added 
and the solution concentrated to half-volume under reduced pressure; then water (180 c.c.) 
was added and the solution was evaporated nearly to dryness, made just acid with 2N-hydro- 
chloric acid, evaporated to dryness, and co-distilled with ethanol (twice) and benzene. The 
dry residue was suspended in absolute ethanol (200 c.c.), saturated with hydrogen chloride with- 
out cooling, and kept overnight at room temperature. The alcohol was removed and dilute 
sodium carbonate and ether were added. The residue from the ether-extracts was distilled, to 
give the ester (18-9 g., 76%), b. p. 86—90°/0-2—0-4 mm. The hydrochloride separates from 
ethanol as prisms, m. p. 165—168° (decomp.) (Found: C, 54-0; H, 6-1; N, 6-9. C,H,,0,NCl 
requires C, 53-7; H, 6-0; N, 6-9%). 

Ethyl 1-(3:4-Dimethoxyphenethyl) -4-piperidylacetate —3 : 4-Dimethoxyphenethyl iodide 
(2-92 g.) and ethyl 4-pyridylacetate (1-65 g.) were heated on a boiling-water bath for 2 hr., to 
give a quaternary salt which was hydrogenated in ethanol (60 c.c.) and triethylamine (1-6 c.c.) 
and at 145—150°/75 atm. for 3 hr. in the presence of Raney nickel. The product after removal 
of the alcohol was treated with excess of 2N-sodium carbonate, and extracted with ether three 
times. The extract was dried (Na,SO,) and distilled (b. p. 188—192°/0-6 mm.; 1-16 g.), 
affording the product which after several recrystallisations from ether—light petroleum (b. p. 
40—60°) at — 20° formed prisms, m. p. 38-5—40° (Found: C, 68-4; H, 8-9; N, 3-8. C,gH,O,N 
requires C, 68-0; H, 8-7; N, 4-2%%). 

N-(3 : 4-Dimethoxyphenethyl) -«-4-pyridylacetamide (I).—3: 4-Dimethoxyphenethylamine 
(9-05 g.), ethyl 4-pyridylacetate (8-25 g.), and a few drops of dry pyridine were heated 
at 180° for 3 hr., then dissolved in benzene from which the crude amide (11-3 g., 
75%) separated. Recrystallisation from benzene gave the amide (10-5 g.) as needles, m. p. 
93-5—-95° (Found: C, 68-3; H, 7-3; N, 9-2. C,,H,,O,N, requires C, 68-0; H, 6-7; N, 9-3%). 

N-(3 : 4-Dimethoxyphenethyl)-x-4-piperidylacetamide (IV).—The foregoing amide (3 g.) was 
shaken in ethanol (40 c.c.) with Raney nickel for 14 hr. The suspension was filtered and the 
nickel was washed with glacial acetic acid. Further acetic acid (60 c.c.) was added to the filtrate 
which was then hydrogenated in the presence of Adams catalyst. The product after removal of 
solvent was partitioned between dilute sodium carbonate and chloroform. Several chloroform 
extracts were obtained, washed with water, and dried (Na,SO,). The solid residue crystallised 
from benzene-light petroleum (b. p. 40—60°), to give the amide (1-72 g.), m. p. 93—96°, needles 
(Found: C, 67-0; H, 8-4; N, 8-8. C,,H,,0,N. requires C, 66-6; H, 8-5; N, 9-1%). 

1 - (3: 4- Dimethoxyphenethyl) -4-[N - (3 : 4 - dimethoxyphenethyl)carbamoylmethyl pyridinium 
Iodide (I1).—3 : 4-Dimethoxyphenethy] iodide (2-92 g.) and N-(3 : 4-dimethoxyphenethy])-«-4- 
pyridylacetamide (3-0 g.) were refluxed in absolute methanol (25 c.c.) in nitrogen for 16 hr. 
After concentration of the solution to ca. 10 c.c. the quaternary salt (4-87 g.), m. p. 142—146°, 
slowly separated. Recrystallisation from absolute ethanol gave the pyridinium iodide, m. p. 
146—148° (softens at 145°), as yellow prisms (Found: C, 53-4, 53-7; H, 6-0, 6-0; I’, 22-2, 22-2. 
C,,H,,0,;N.I,H,O requires C, 53-1; H, 5-8; I’, 20-8°%). 

N-(3 : 4-Dimethoxyphenethyl)-a-(3 : 4-dimethoxyphenethyl-4-piperidyl)acetamide (I11).—(1) The 
iodide (II) (11-85 g.) in methanol (300 c.c.) was hydrogenated at atmospheric pressure and 
room temperature in the presence of Adams catalyst (0-5 g.) (uptake 1560c.c.; theor., 1555.c.). 
The solution was filtered, concentrated, and basified with 2N-sodium hydroxide, and the base 
extracted with chloroform (5 times). The recovered base (8-25 g., 88%) separated from ethyl 
acetate as needles, m. p. 135-5—136° (Found: C, 68-8; H, 8-0; N, 6-1. C,,H,s0;N, requires 
C, 68-9; H, 8-1; N, 59%). 

3 : 4-Dimethoxyphenethy] iodide (0-73 g.), the amide (IV), and potassium carbonate (0-52 g.) 
were refluxed in dry benzene (20c.c.) for 3hr. The solution was washed with water and evapor- 
ated. The residual solid crystallised from ethyl acetate, to give the amide (II) (0-6 g.), m. p. 
and mixed m. p. 133—135-5° (from ethyl acetate). 

4-(3 : 4-Dihydro-6 : 7-dimethoxy -1-isoquinolylmethyl) -1-(3 : 4-dimethoxvphenethyl) piperidine 
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(V).—(i) Phosphorus pentachloride (3 g.) was added to the amide (III) (2-46 g.) in dry chloro- 
form (30 c.c.) at 5°. The mixture was kept at 0° for 0-5 hr. with intermittent shaking, then 
at room temperature for 18 hr. Most of the chloroform was removed under reduced pressure 
and ice and excess of 2N-sodium hydroxide were added. The basic material was extracted 
with chloroform, washed with water, and recovered. The residue dissolved in warm ether and 
after removal of some flocculent material was recovered as an oil. Dilute hydrochloric acid was 
added, and the yellow solution evaporated to a yellow foam. After distillation of the residue 
3 times with alcohol it was dissolved in ethanol to which ether was added. The dihydrochloride 
separated as yellow prisms (2-42 g., 88%), m. p. 105—110°. Recrystallisation from ethanol-ether 
with a trace of dry hydrogen chloride gave pale yellow prisms which, after drying at 50—60° 
in vacuo, had m. p. ~180—185° (softening at 160°, doubtless owing to hydration). The salt was 
very hygroscopic and its dilute ethanolic solution had a bright blue fluorescence (Found: C, 
59-9; H, 7-1; N, 5:2. C,,H,,0,N,,2HCI,H,O requires C, 59-7; H, 7-4; N, 51%). 

Che dihydrobromide was less hygroscopic and crystallised from ethanol as pale yellow prisms, 
m. p. (air-dried) m. p. 131—136° (meniscus and frothing at 155—160°) (Found: C, 48-1, 48-3; 
H, 6-2, 6-6; N, 3-9; Br, 23-9; H,O, 10-2. C,,H,,0,N,,2HBr,3H,O requires C, 48-5; H, 6-6; 
N, 4:2; Br, 23-9; H,O, 8-1%). 

The base, crystallised from light petroleum (b. p. 60—80°) containing a few drops of ether, 
had m. p. 99—102-5° (Found: C, 71:8; H, 8-4; N, 5-8. C,,H,,0,N, requires C, 71-6; H, 8-0; 
N, 6-2%). 

(ii) The amide (III) (2-35 g.) was refluxed in dry toluene (15 c.c.) and phosphorus oxy- 
chloride (10 c.c.) for 1 hr., cooled, washed by decantation with light petroleum (b. p. 60—80°), 
and dissolved in aqueous alcohol. Excess of 50% sodium hydroxide solution was added and 
the basic material extracted with ether (3 times) and washed with water. The recovered base 
was converted into the dihydrobromide which separated from ethanol as yellow prisms (2-32 g., 
75%), m. p. (air-dried) and mixed m. p. 131—136°. 

1-(3 : 4- Dimethoxyphenethyl) -4-(1: 2: 3: 4-tetrahydro-6 : 7-dimethoxy-1-isoquinolylmethyl) - 
piperidine (V1).—The dihydrobromide (V) (3-07 g.) was hydrogenated at room temperature and 
atmospheric pressure in methanol (50 c.c.) with Adams catalyst (0-2 g.). The filtered solution 
was concentrated to 25—30 c.c. and treated with hydrobromic acid, to give a dihydrobromide 
(2-55 g., 92%), m. p. 188—192°. Recrystallisation from methanol gave the tetrahydroiso- 
quinoline dihydrobromide as prisms, m. p. (air-dried) 190—196° (Found: C, 50-3; H, 6-6; N, 
4-5; Br, 24-2; H,O, 5-1. C,,H,;,0,N,,2HBr,2H,O requires C, 49-7; H, 6-80; N, 4:3; Br, 24-5; 
H,O, 5-5. Found, in a sample dried at 90° in vacuo: loss, H,O, 2-5; C, 51-9; H, 6-4. 
C.,H3,0,N,,2HBr,H,O requires H,O, 2-8; C, 51-1; H, 6-7%). 

In a preliminary reduction the tetrahydroisoquinoline was isolated as the dihydrogen di- 
oxalate, needles (from methanol-ether), m. p. 173-5—175° (decomp. 180—185°) (Found: C, 
58-2; H, 68; N, 4-7. C,,H3,0,N.,2H,C.O, requires C, 58-6; H, 6-7; N, 4-4%). 

1-(3 : 4-Dimethoxyphenethyl)-4-picolinium Iodide.—3 : 4-Dimethoxyphenethy] iodide (2-92 g.) 
and y-picoline (0-93 g.) were heated on a boiling-water bath for 2hr. The crystalline precipitate 
was dissolved in ethanol from which the quaternary sa/i separated as yellow needles (6-6 g.), 
m. p. 184—187° (Found: C, 50-2; H, 5-3; N, 3-6. C,,H.O,NI requires C, 49-9; H, 5-2; N, 
3-6%). 

1-(3 : 4-Dimethoxyphenethyl)-4-methyl-2-pyridone Hydrochloride (IX).—(i) To potassium 
hydroxide (6-6 g.), dissolved in water (3 c.c.) and ¢ert.-butyl alcohol (80 c.c.), 4-methyl-2- 
pyridone (10-9 g., 0-1 mole) was added and the solution was heated for a few minutes to obtain 
complete dissolution. 3: 4-Dimethoxyphenethyl iodide (29-2 g., 0-1 mole) was added and the 
solution was refluxed for 2-75hr. The solvent was then removed and the residue was partitioned 
between benzene and 2Nn-sodium hydroxide. The aqueous layer was extracted 3 times with 
benzene which was then removed, and the residue was dissolved in a very small volume of 
ethanol and treated with excess of ether saturated with dry hydrogen chloride. The hAydro- 
chloride (24-45 g., 79°.) recrystallised from ethanol-ether as needles, m. p. 170—172° (Found: 
C, 62-6; H, 6-8; N, 4-5. C,g.H,,O,N,HCI requires C, 62-0; H, 6-2; N, 45%). 

(ii) 4-Methyl-2-pyridone (5-45 g.) was warmed with a solution from potassium (1-95 g.) and 
tert.-butyl alcohol (40 c.c.) for a few mjnutes, 3 : 4-dimethoxyphenethyl chloride (11-1 g.) was 
added, the whole refluxed for 6 hr., and the product obtained as described above as the hydro- 
chloride (11-09 g., 71-6%) m. p. 165—166°. 

(ili) 3: 4-Dimethoxyphenethy] iodide (5-84 g.) and 2-bromo-4-methylpyridine were heated 
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on a boiling-water bath for 5hr. The residue was lixiviated with dry ether, dissolved in aqueous 
ethanol, treated with excess of 2N-sodium hydroxide at room temperature, and kept overnight. 
The solution was extracted with chloroform, dried, and evaporated. The residue gave on 
distillation a fraction (1-4 g.), b. p. 200—202°/0-5 mm., which gave the pyridone hydrochloride, 
m. p. 165—-169°, when treated with ether saturated with dry hydrogen chloride. Recrystallis- 
ation gave the pure hydrochloride, m. p. 169—172°, identical with the compound prepared as 
above (Found: Cl, 11-4. C,gH,0,;N,HCl requires Cl, 11-4%). 

Ethyl 1-(3:4-Dimethoxyphenethyl)-1 : 2-dihydro-2-ox0-4-pyridylpyruvate (X).—Absolute 
ethanol (16-6 c.c.) was added to potassium (2-53 g.) under dry ether (14-4 c.c.), and dissolution 
completed by warming. Ethyl oxalate (9-48 g.) in ether (60c.c.) was added dropwise at ca. 10°. 
After 10 min. 1-(3: 4-dimethoxyphenethyl)-4-methyl-2-pyridone [from the hydrochloride 
(18-6 g.)] in benzene (90 c.c.) was added dropwise in 8 min. at 0°. After 2 days an oil separated 
which became solid on addition of ether (ca. 90 c.c.). This yellow potassio-derivative salt 
(19-0 g.) was filtered off after 4 days and washed with dry ether. From the filtrate a further 
3-8 g. (total 91-2%) were obtained. 

The potassio-derivative (10-3 g.) was added portionwise to 2N-sulphuric acid (32-5 c.c.), 
ice (17 g.) and chloroform (55 c.c.) with vigorous shaking. The chloroform was separated and 
the aqueous layer was re-extracted with chloroform; this was repeated again after adjustment 
of the pH of the aqueous extract to pH 7 with dilute ammonia. The combined extracts yielded 
the solid pyruvate which crystallised twice from ethanol or ethyl acetate as pale yellow prisms 
(7-9 g., 85% yield from potassio-derivative), m. p. 157—158-5° (Found: C, 64-5; H, 6-3; N, 
3-4. Cy9H,,0,N requires C, 64-3; H, 6-2; N, 3-7%). 

Ethyi 8-[1-(3 : 4-Dimethoxyphenethyl)-1 : 2-dihydro-2-0x0-4-pyridyl)-«-hydroxyiminopropionate 
(XVIII).—(i) The pyruvate (X) (3-73 g.) in alcohol (45 c.c.) was refluxed with hydroxylamine 
hydrochloride (0-77 g.) and anhydrous sodium acetate (0-88 g.) for 0-5 hr.; the solution was 
cooled and water (5 c.c.) added. . The oxime (3-17 g., 82%), recrystallised from alcohol, had 
m. p. 186-5—189-5° (Found: C, 61-1;, H, 6-3; N, 7:2. CypH.sO,N, requires C, 61-8; H, 6-2; 
N, 7-2%). 

(ii) The crude potassio-derivative (3-8 g.) in alcohol (45 c.c.) was refluxed with hydroxyl- 
amine hydrochloride (0-77 g.) and sodium acetate (0-88 g.) for 0-5 hr., then concentrated to half 
its volume. The oxime (2-08 g., 58%) had m. p. and mixed m. p. 182—184?°. 

This ester (3-17 g.) was converted by 2N-sodium hydroxide (12-5 c.c.) on a boiling-water bath 
in 1-5 hr. into the acid, needles, m. p. 166—168° (2-50 g., crude) (Found: C, 59-9; H, 5-8; N, 
7-8. C,,HgO,N, requires C, 60-0; H, 5-6; N, 7-8%). 

1-(3 : 4-Dimethoxyphenethyl)-1 : 2-dihydro-2-0x0-4-pyridylacetoniirile (XX).—The hydroxy- 
imino-acid (2-76 g.) was heated in acetic anhydride (5 c.c.) on a water-bath for 10 min., the 
anhydride removed under reduced pressure, and ethanol was added and then removed under 
reduced pressure. The crystalline nitrile was precipitated from a smali volume of benzene by 
a few drops of light petroleum (b. p. 60—80°) as needles (1-82 g., 80%), m. p. 118—121° (Found: 
C, 68-4; H, 6-1; N, 10-0. (C,,H,,0O,N, requires C, 68-4; H, 6-1; N, 9-4%). 

1-(3 : 4-Dimethoxyphenethyl)-1 : 2-dihydro-2-ox0-4-pyridylacetic Acid (XI).—(i) The aceto- 
nitrile (0-23 g.) was refluxed overnight with ethanol (10 c.c.) and 2N-sodium hydroxide (5 c.c.). 
The alcohol was then removed and the aqueous alkaline solution extracted with benzene and 
then filtered. The filtrate was made acid by concentrated hydrochloric acid, and the precipit- 
ated red oil extracted with chloroform. After removal of the solvent the residue was dissolved 
in methanol from which prisms (0-23 g.), m. p. 158—161° (decomp.), were deposited. Crystal- 
lisation from methanol gave the acetic acid, m. p. 156-5—157° (decomp.) (Found: C, 64:3; H, 
6-1; N, 4:7. C,,H,,O;N requires C, 64-3; H, 6-0; N, 4-4%). 

(ii) The ester (X) (6-5 g.) was kept in 10% aqueous sodium hydroxide (31-2 c.c.) at 0° for 
4-5 hr., then treated with 30% hydrogen peroxide (6-05 c.c.) and ice (ca. 17 g.) and kept for a 
further 16 hr. at 0°. Thereafter a further 2-6 c.c. of hydrogen peroxide were added and the 
solution was kept at 0° fora further 24hr. Manganese dioxide (ca. 1 g.) was added, the solution 
filtered, and the filtrate made just acid to Congo-Red paper with concentrated hydrochloric acid. 
The oil was extracted with chloroform (3 x 25 c.c.), washed with water, and evaporated. The 
colourless solid residue was dissolved in methanol from which the acid (4-36 g., 78°), m. p. and 
mixed m. p. 157° (decomp.), separated. 

(iii) The potassio-derivative (5-15 g.) was kept in 10% aqueous sodium hydroxide (22-5 c.c.) 
at O° for 17 hr. Ice (12-5 g.) and 30° hydrogen peroxide (4-4 c.c.) were added and the solution 
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kept at 0° for 24hr. A further 1-88 c.c. of hydrogen peroxide were added and the solution left 
for 3 days longer at 0°, then worked up as in (ii), to give the acid (2-91 g., 73-5%), m. p. 152— 
156° (decomp.). This reaction was repeated with the potassio-derivative (51-5 g.); after 
removal of the pyridylacetic acid (28 g.) the mother-liquor was concentrated to a syrup 
and treated with ethereal hydrogen chloride. The partially crystalline hydrochloride, after 
recrystallisation, gave 4-methyl-2-pyridone hydrochloride (3 g.),m. p. and mixedm. p. 166—167°. 

Methyl 1-(3 : 4-Dimethoxyphenethyl)-1 : 2-dihydvo-2-0x0-4-pyridylacetate.—(i) The nitrile (XX) 
(1-49 g.), suspended in dry methanol, was saturated at 0° with hydrogen chloride. After 20 hr. 
at 0° the methanol was removed under reduced pressure, and the residue dissolved in chloro- 
form, washed with 2N-sodium carbonate, and evaporated. The residual ester was treated in a 
small volume of methanol with ethereal hydrogen chloride, which precipitated a slightly 
hygroscopic hydrochloride (1-37 g., 74°). Two recrystallisations from methanol-ether with a 
trace of dry hydrogen chloride gave the pure hydrochloride, m. p. 116-5—120° (Found: N, 4-3. 
C,,H,.,O,;NCl requires N, 3-8%). The hydrochloride in water dissociated to an oil; basification 
(2n-sodium carbonate) and extraction with chloroform gave the free ester which separated from 
benzene-light petroleum (b. p. 40—60°) as needles, m. p. 64-5—67° (from ether at — 10°) (Found: 
C, 64-9; H, 6-4; N, 4-7. C,,H.,O;N requires C, 65-3; H, 6-4; N, 4:2%). 

(ii) The acid (XI) (0-63 g.) was treated in methanol (3 c.c.) with ethereal diazomethane [from 
methylnitrosourea (1-17 g.)]. Next morning unchanged acid (0-133 g.) was filtered off and the 
ester converted by ethereal hydrogen chloride into the hydrochloride, m. p. and mixed m. p. 
117—120°. The base had m. p. and mixed m. p. 67—69°. 

1-(3 : 4-Dimethoxyphenethyl)-2-ox0-4-piperidylacetic Acid (XI1).—The acid (XI) (4-76 g.) was 
hydrogenated in methanol (140 c.c.) at room temperature and pressure in the presence of 
Adams catalyst (0-2 g.). (Uptake in 24 hr., 820c.c. Theor., at 23°/757 mm., 797 c.c.) The 
catalyst was removed and the filtrate concentrated to ca. 20 c.c. to which ether (ca. 100 c.c.) 
was added. The piperidylacetic acid (4-13 g., 86%), m. p. 146—148°, separated from methanol-— 
ether in prisms, m. p. 147-5—149-5° (Found: C, 63-4; H, 7-4; N, 4-6. C,,H,,;0;N requires 
C, 63-5; H, 7-2; N, 44%). 

1:2:3:4:6: 7-Hexahydro-9 : 10-dimethoxy-2-methoxycarbonylmethylbenzo[a]quinolizinium 
Jodide (X XII).—The acid (XII) (0-23 g.) was dissolved in warm methanol (20 c.c.), and hydrogen 
chloride was passed into the solution to saturation at 0°. The solution was kept at room 
temperature overnight, then the solvent was removed. The residue was dissolved in chloro- 
form and washed with 2N-sodium carbonate and water. Removal of the solvent gave the oily 
methyl ester (XXI). Without being crystallised (Pailer and Strohmayer }* record m. p. 57— 
58°) this was cyclised by phosphorus oxychloride (1 c.c.) and toluene (4 c.c.) at 95° for 5— 
10 min. The iodide was isolated as described by Pailer and Strohmayer and crystallised from 
water as yellow needles, m. p. 218—219-5° (lit., 218—-220°) (Found: C, 48-5; H, 5-5; N, 2-9. 
Calc. for C,,H,sO,NI: C, 48-5; H, 5-4; N, 31%), Amax, 232 (log ¢ 4:29), 300 (log ¢ 3-96), and 
245 mu (log ¢ 3-97) in water. 

1-(3 : 4-Dimethoxyphenylethyl)-4-N-(3 : 4-dimethoxyphenethyl)carbamoylmethyl-2-oxopiperidine 
(XIII).—Ethyl1 chloroformate (1-19 g.) was added to a solution of the acid (XII) (3-21 g.) and 
triethylamine (1-01 g.) in dry dimethylformamide (12-5 c.c.) at —15° to —20° during 10— 
15 min. The mixture was kept at —10° for 10 min., then allowed to warm to 0° for 10 min., 
cooled to — 5°, treated with 3 : 4-dimethoxyphenethylamine (2-71 g.) and triethylamine (1-01 g.) 
in dimethylformamide (5 c.c.), kept at room temperature overnight, and evaporated. The 
residue was dissolved in chloroform and washed with 2n-hydrochloric acid (20 c.c.), 2N-sodium 
carbonate (20 c.c.), and water. The chloroform was removed and the residue dissolved in ethyl 
acetate. The amide (4-05 g., 84%), m. p. 126—128°, separated in needles on cooling and an 
analytical sample, obtained from ethyl acetate, had m. p. 120—121° or 130—131°; these forms 
are interconvertible (Found: C, 67-3; H, 7-6; N, 5-9. Calc. for C,,H,,0O,N,: C, 66-9; H, 7-5; 
N, 58%). Sugasawa and Oka }* give m. p. 130—131°. 

2-(3 : 4-Dihydro-6 : 7 -dimethoxy -2-isoquinolylmethyl) -1:2:3:4:6: 7-hexahydro-9 : 10-di- 
methoxybenzola\quinolizinium Iodide Hydriodide (XIV).—The amide (XIII) (9-70 g.) was 
heated in dry toluene (80 c.c.) with phosphorus oxychloride (20 c.c.) at 95° for 0-5 hr. Toluene 
and excess of phosphorus oxychloride were then removed and the residue was washed twice 
with dry light petroleum (b. p. 60—80°) by decantation. The residue was dissolved in water 
(100 c.c.) and a few c.c. were distilled under reduced pressure. On cooling, a small amount of 
crystalline material, m. p. 150°, was removed and, to the filtrate, sodium acetate (ca. 30 g.) and 
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then sodium iodide (24 g.) in water (40c.c.) were added. The precipitated red oil was extracted 
with chloroform and washed with water. The recovered red gum was dissolved in methanol 
(ca. 60 c.c.) from which the iodide hydriodide (12-1 g., 85%), m. p. 193—195° (softens at 170°), 
separated; recrystallisation from methanol gave material of m. p. 193—195° (Found, in a 
sample dried at 60° in vacuo: C, 44-9; H, 5-0; N, 3-7; I, 36-0. C,,H,,0,N,I,HI,H,O requires 
C, 44-9; H, 5-0; N, 3-9; I, 35-1%). An air-dried sample had an indistinct m. p. (90—195°) 
owing to hydration (Found: C, 44:0; H, 5-1; N, 3-2. C,,H;,;0,N,I,HI,2H,O requires 
C, 43-8; H, 4:9; N, 3-8%): at 100° in vacuo (2 hr.) it lost one molecule (Found: loss, 2-9. 
C,,H,,;0,N,I,HI,2H,O requires H,O, 2-4%). The absorption spectrum (solution in water) had 
maxima at 227-5 (log ¢ 4-61), 302-5 (log ¢ 4-29), and 455 my (log < 4-29). 

Use of sodium bromide instead of sodium iodide gave the bromide hydrobromide, pale yellow 
prisms, m. p. 193—195° (from methanol-ether) (Found: C, 50-2; H, 6-0; N, 4-1; Br, 24-1. 
C,,H;,0,N,Br,HBr,2H,O requires C, 50-3; H, 5-9; N, 4:3; Br, 24-8%), Amax (in water) 242-5 
(log ¢ 4-5), 305 (log « 4-25), and 452 my (log ¢ 4-25). 1-(3: 4-Dihydro-6 : 7-dimethoxy-1-iso- 
quinolyl)-2-(3 : 4-dihydro-6 : 7-dimethoxy-1-isoquinolylmethyl)pentane dihydrobromide *° had 
Amax, 242°5 (log ¢ 4-43), 305 (log ¢ 4:2), and 452 my (log « 4-15). 

(+)-De-ethylemetine Dihydriodide (XV).—Racemate A. The iodide hydriodide (XIV) (3-52 g.) 
was hydrogenated in methanol (150 c.c.) with Adams catalyst (0-2 g.) at room temperature 
and pressure. Absorption was slow but after 24 hr. the theoretical amount of hydrogen had 
been taken up and reduction ceased. The pale yellow solution was filtered and concentrated, 
prisms (1-5 g., 42%), m. p. 236—240° (softening at 234°), separating. Crystallisation from 
methanol gave the dihydriodide A, m. p. 247—249° (softening at 243°) (Found: C, 45-6, 45-2; 
H, 5-5, 5-6; N, 4-0, 3-3; I, 35-8. C,,H3,0,N,,2HI requires C, 45-8; H, 5-4; N, 4-0; I, 35-8°). 
The base did not crystallise. Ethereal hydrobromic acid gave the dihydrobromide, m. p. 218— 
220° (from ethanol-ethyl acetate) (m. p. less sharp than for the dihydriodide, possibly owing to 
hydration) (Found: C, 48-4; H, 6-7; N, 3:8. C,,H,,0O,N,,2HBr,3H,O requires C, 48-5; H, 
6-6; N, 4:2%), Amax. (in water) 227 (log « 4:17) and 282 my (log ¢ 3-85). The dihydrogen di- 
oxalate, prepared from the dihydrobromide in the normal way, formed prisms (from methanol- 
ether) which softened at 120° and had m. p. 123—125° (meniscus at 140°) (Found: C, 56-0; H, 
6-3; N, 4:3. C,,H,,0,N.,2H,C,0,,2H,O requires C, 55-6; H, 6-6; N, 42%). 

Racemate B. After separation of the dihydriodide A no further material could be obtained 
crystalline. However, evaporation gave a non-hygroscopic yellowish, amorphous powder, 
m. p. 210—220° (softening at 205°) (Found: C, 44-2; H, 5-7; N, 3-6%). 

In a similar experiment, this product was dissolved in water, and the solution was made 
alkaline and extracted with chloroform. The base was treated with ethanolic oxalic acid. 
Ether was added. The precipitated oil crystallised slowly (1-06 g., 33%); on crystallisation 
from methanol-ethy] acetate, the salt B separated very slowly as prisms, m. p. 180° (decomp.) 
(Found: C, 59-4; H, 6-7; N, 45%). A mixed m. p. with the racemate A dihydrogen dioxalate 
was 112—140°. 

In another experiment the amorphous dihydriodide (1-31 g.) was dissolved in methanol with 
warming; from the cooled solution ethereal hydrobromic acid precipitated a yellow gum. 
Crystallisation from methanol-ethyl acetate gave pale yellow prisms (0°31 g.), m. p. 
225—230°. Recrystallisation gave prisms, soften at 218°, m. p. 224—228° (mixed m. p. with 
the dihydrobromide of racemate A, 212—227° (Found: C, 50-0; H, 6-7; N, 4-1; Br, 24-1. 
C,,H;,0,N2,2HBr,2H,O requires C, 49-8; H, 6-5; N, 4:3; Br, 246°), Amax (im water) 228 
(log ¢ 3-91) and 282 my (log e 3-55). 

De-ethylrubremetinium Bromide (XIII) (cf. ref. 23).—The amorphous racemates of de-ethyl- 
emetine dihydriodide, after removal of the crystalline racemate A—1-5 g. obtained from the 
mother-liquor by evaporation to dryness—were heated with potassium acetate (0-25 g.), mercuric 
acetate (5 g.) and acetic acid (1 c.c.) in water (32 c.c.) for 1 hr., then filtered. The mercurous 
acetate was washed with water, alcohol, and acetone. The washings were added to the first 
filtrate and the alcohol and acetone were removed under reduced pressure. A further quantity 
of mercuric acetate (2-5 g.) was added and the solution refluxed again for 2 hr. The solution 
was filtered and the mercurous acetate washed with water. The filtrate was heated to 90° and 
hydrogen sulphide was passed into the solution. Mercuric sulphide was filtered off and 
extracted exhaustively with boiling ethanol. The total filtrates were concentrated under 
reduced pressure to ca. 30 c.c. and treated with excess of 48% aqueous hydrobromic acid. The 
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orange-scarlet needles (0-80 g., 72%), m. p. 237—-240° (soften at 230°), which separated, were 
collected. Recrystallisation from dilute hydrobromic acid gave de-ethylrubremetinium bromide, 
m. p. 233—235° (Found: C, 57-8; H, 5-9; N, 4-8. C,,H,,0O,N,Br,2H,O requires C, 57-7; H, 
5-9; N, 5-2%). 

This oxidation product was also obtained by Pailer and Strohmayer ™ but no experimental 
details or analyses are given; they record m. p. 215°. 

Our product had Amax. (in H,O) 257-5 (log e¢ 4-28), shoulder 283 (log < 4-24), 300 (log e 4-26), 
and 437-5 mu (log ¢ 4:47). The absorption curve is identical with that given by Pailer and 
Strohmayer for this compound and with that for rubremetinium bromide.** 


We thank Dr. Schnitzer and his associates (Hoffmann-La Roche Inc., Nutley) for the 
biological results, Dr. A. Cohen for his interest, and Mr. M. Tadd for assistance. 
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433. Structural Investigations on the Water-soluble Polysaccharides 
from the Green Seaweed Acrosiphonia centralis (Spongomorpha arcta). 


By J. J. O'DONNELL and ELIzABETH PERCIVAL. 


Water-soluble sulphated polysaccharides containing D-glucose, D-xylose, 
L-rhamnose, and pD-glucuronic acid, together with small amounts of D- 
galactose and D-mannose, have been extracted from Acrosiphonia centralis. 
Chloroform-extraction of the acetylated material separates ca. 9% of a 
glucose-rich fraction resembling starch. Further study of the main poly- 
saccharide material revealed the presence of end-group xylose, 1 : 4-linked 
xylose and rhamnose. and a relatively large proportion of triply linked 
rhamnose. Sulphate groups are attached to rhamnose and/or xylose residues. 
All the uronic acid residues appear to be present as end-groups linked to 
rhamnose. 4-O-8-p-Glucopyruronosyl-L-rhamnose was separated and charac- 
terised. This polysaccharide is compared with the water-soluble poly- 
saccharides of Cladophora rupestris and of Ulva lactuca. 


In view of the close botanical relation between the green seaweeds, Cladophora rupestris 
and Acrosiphonia centralis (Spongomorpha arcta), and of the studies on the water-soluble 
polysaccharide of the former,! it seemed desirable to determine whether A. centralis 
synthesised similar material. Collection of pure species of the latter weed is difficult, and 
we are grateful to Dr. R. Lewin who sent us from Nova Scotia sufficient material for a 
preliminary investigation. It was at once apparent that the two water-soluble extracts 
were different and that large-scale investigations of A. centralis were warranted. Mr. H. 
Powell very kindly collected pure species of this weed from a single area at Millport, and 
the structural investigations now reported have been carried out on the water-soluble 
polysaccharides isolated from this material. 

After removal of free sugars and most of the colouring matter by extraction with 
aqueous ethanol, water-soluble polysaccharide material was separated (mainly as the 
ammonium salt) from the residual weed by extraction with aqueous ammonium oxalate. 
Relatively little glucose remained in the weed after this extraction and it follows therefore 
that the cellulose content of A. centralis must be very small. 

In Table 1 the properties of the water-soluble extract and the molar proportions of the 
sugars present in a partial hydrolysate are compared with those for similar extracts from 
Cladophora rupestris } and from Ulvalactuca.2 The neutral sugars in the partial hydrolysate 
from A. centralis were separated and characterised as crystalline sugars or their derivatives. 
Hydrolysis for longer periods or with more concentrated acid led to extensive degradation. 

1 Fisher and Percival, J., 1957, 2666. 

* Brading, Georg-Plant, and Hardy, J., 1954, 319. 
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The sulphate content (3-8%) calculated from the sulphated ash comprises half the total 
sulphate (7-8%), providing evidence of sulphate esters in the polysaccharide. 
The water-soluble polysaccharide material from C. rupestris (see Table 1) has a positive 


TABLE 1. 
Cladophora Acrosiphonia Ulva 
Molar proportions rupestris } centralis lactuca * 

PD, disk ccrrpacomece cate cnscscbunnscensecs j 37 - — 
GEN. sacs ndcvcbacicasesciusacesmmaddnukuacs 2-8 0-1 _ 
SEE wesraveccesanvescusvaceconseaevaveseninses 1-0 1-6 1-3 
DID dciienncsnéictcenssnextemsncotaeincions 0-4 1-4 4-4 
ED. nvcvsbecapavcconcessenkaneeadecencsnceunes 0-2 1-0 1-0 
PINT sk ctwiitiacneisna casks iacesnenmiaebachesnioh - 0-2 
RN NN SOD neice ceiccencskeucdcctass oe 3-0 19-3 20-8 
Ry FO ais incn echeid endacclensipieasmiaeee» 16-1 78 17-5 
ES AN NEL NOES TS 13-7 10-0 19-0 
[EE GO RANEY ov sascvcnsvisccscescnenesesces - 69° —3l° —47° 


rotation and consists mainly of arabinose, galactose, and xylose units: the polysaccharides 
from the two other green seaweeds have negative rotations and comprise mainly glucose, 
xylose, rhamnose, and uronic acid residues. Although all three extracts contain ester 
sulphate groups it is plain that the extract from A. centralis more nearly resembles that 
from U.lactuca. The difference in the relative proportions of the sugars in the two extracts 
containing much uronic acid may be due, at least in part, to the resistance of polyuronides 
to hydrolysis; the A. centralis hydrolysate comprises ca. 45% of oligouronic acids contain- 
ing uronic acid and sugar residues. 

The sulphate (7-8°%) and uronic anhydride (20%) in A. centralis extract correspond to 
about one residue to every eight and four sugar units respectively. A hydrolysate with 
20% of uronic acid, present as unhydrolysed barium uronosylaldose, would contain ca. 
16% of aldose and 6%, of barium; i.e., 40—45% of the neutralised hydrolysate would 
consist of barium uronates, which is in agreement with the experimental findings. 

The free-acid polysaccharide has an equivalent weight of 459. In the absence of 
sulphate and ash, a 20% uronic acid content corresponds to an equivalent weight of 870. 
A sulphate content of 7-8°% represents 67 g. (0-70 equivalent) of sulphate in 870g. Hence 
870 g. correspond, not to 1, but to 1-70 equivalents, and the calculated equivalent weight 
of a polysaccharide containing 20%, of uronic acid and 7-8% of sulphate is 870/1-70, 7.2., 
512. The uronic acid and sulphate content were determined on neutral polysaccharide 
which contained 10°, of ash; it is permissible therefore to deduct 10% in the above 
calculation of the theoretical equivalent weight. The final calculated value then becomes 
461, in excellent agreement with the experimental value. 

The periodate consumption by the polysaccharide corresponds to ca. 1 mole, and the 
formic acid release to ca. 0-6 mole, for every anhydro-sugar residue. These results indicate 
that many of the units have free contiguous hydroxyl groups. An oxopolysaccharide’ was 
isolated, after dialysis, in 68°, yield, and hydrolysis showed that this contained intact 
xylose and rhamnose units. There is, therefore, an indication of the presence of either 
1 ; 3-linked units or of branch points in the molecule. 

Attempted fractionation of the free polysaccharide was unsuccessful. Acetylation, 
followed by chloroform-extraction, gave, however, a glucose-rich acetate (A) (9%), {2,, 

+-71° (devoid of sulphate). The deacetylated material resembled starch in its reactions 
with iodine. Methylation of this acetate (A) and hydrolysis of the product, followed by 
separation and characterisation of the methylated sugars, confirmed this structure, and 
also indicated some branching at position 6 of the sugar units. 2:3 :4:6-Tetra- (1 part), 
2:3: 6-tri- (4 parts), and 2: 3-di-O-methylglucose (1 part) were separated and identified. 
2:3: 6-Tri-O-methylmannose (ca. 10°) was also separated from this hydrolysate, proving 
the presence of 1: 4-linked mannose residues, and suggesting the presence of a small 
quantity of a mannan or glucomannan. The presence of small amounts of 2 : 3 : 4-tri- and 
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2 : 3-di-O-methylxylose and of methylated acids is considered to be due to incomplete 
separation of the main polysaccharide material. 

After removal of the glucose-rich fraction from the acetylated A. centralis extract the 
residual material (B), {«|,, —38°, was methylated and the product (OMe, 35-6) hydrolysed. 
2:3:4-Tri-O-methylxylose (1 part), 2 : 3-di-O-methylxylose (3 parts), 2 : 3-di-O-methy]l- 
rhamnose (3 parts), and 2-O-methylrhamnose (5 parts), together with small quantities of 
2:3: 6-tri- and 2: 3-di-O-methylglucose, were separated and characterised. Since both 
the methylated glucoses separated from this fraction were also present in the hydrolysate 
of the methylated fraction (A), their presence in both fractions is probably due to incomplete 
separation of the glucan from the polysaccharide(s) acetate. 

These observations reveal structural similarities between the polysaccharides of the 
two weeds, Ulva and Acrosiphonia. Both polysaccharides carry xylose end groups and 
have 1:4-linked xylose and rhamnose. The isolation of a monomethylrhamnose, in 
relatively large quantity, from the methylated Acrosiphonia extract, is evidence that 
rhamnose occurs at branch points in the molecule. 

In spite of the use of a wide variety of hydrolytic conditions no-one, so far as the 
authors are aware, has yet succeeded in isolating glucuronic acid or its lactone from any 
of the green seaweeds, the conditions required for complete hydrolysis invariably leading 
to degradation. Fractionation of the acidic material from the partial hydrolysate of the 
extract from A. centralis led to the separation of di- (10%), tri- (4°), and tetra-oligouronic 
acids (3°). A large polymeric fraction (65°) was also isolated, prolonged acid hydrolysis 
of which afforded the original mixture of oligouronic acids. Glycosidation, reduction, 
and hydrolysis of the first three fractions gave syrups consisting of varying proportions of 
glucose and rhamnose. The syrup from the first fraction had [2|,, —6° and was shown by 
quantitative chromatography * to contain equimolar proportions of D-glucose and L- 
rhamnose, the former being characterised by oxidation by the specific enzyme,’ glucose 
oxidase, and the latter by formation of the authentic crystalline benzoylhydrazone. It 
is considered therefore that the glucose arose from the reduction of glucuronic acid residues. 
The ester glycoside of this fraction consumed 2-8 moles of periodate per mole, indicating 
that linkage occurred through position 2 or 4 of the rhamnose residue; methyl 2- or 4- 
glucuronosylrhamnoside requires 3 mols. of periodate for complete oxidation, whereas 
methyl 3-glucuronosylrhamnoside reduces only 2 mols. Methylation of the reduced ester 
glucoside confirmed these findings. Crystalline 2:3: 4:6-tetra-O-methylglucose and 
syrupy 2 : 3-di-O-methylrhamnose were separated from the hydrolysate of the methylated 
disaccharide. The tetra-O-methylglucose could only have arisen from glycosidically 
linked glucuronic acid, and the biuronic acid has therefore the constitution 4-O-8-pD-gluco- 
pyruronosyl-L-rhamnose, the $-configuration being inferred from the negative specific 
rotation. The chromatographic mobility (Rgucose ca. 1-0) of this fraction is high for an 
aldobiuronic acid (cf. 2-O-p-glucuronosyl-L-rhamnose, Rejucos. 0-24) and it seemed likely 
that, in the free state, it existed as the lactone. Chromatographic support for this 
conclusion was obtained, inasmuch as it behaved in the same way as glucurone on similar 
treatment. Both migrated back from the starting line on ionophoresis at pH 5-5, indicat- 
ing the absence of charged groups at this pH, whereas at pH 10 their respective My values 
are 0-75 and 0-96; in addition they each gave two spots if treated with ammonia before 
development. In this connection it is worth noting that the equivalent weight (328) of 
this fraction is closer to the calculated value (322) for the lactone of glucuronosylrhamnose 
than to the calculated value for the free biuronic acid (340). 

The trisaccharide had equivalent weight 249 and molecular weight 508: a digluc- 
uronosyl-O-rhamnose would require 257 and 514 respectively. In agreement with this 
structure, glycosidation, reduction, and hydrolysis afforded glucose and rhamnose in the 
molar proportions of ca. 2: 1. 


3 Pridham, Analyt. Chem., 1956, 28, 1967. 
* Keilin and Hartree, Biochem. J., 1948, 42, 230. 
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The tetrasaccharide fraction was difficult to purify and, although equimolar proportions 
of glucose and rhamnose were obtained on hydrolysis of the reduced material, the values 
for the equivalent and molecular weights cannot be explained on this basis and further 
evidence must be awaited. 

Reduction and hydrolysis of the glycoside ester of the acidic polymeric fraction afforded 
equimolar proportions of glucose and rhamnose, together with a very small amount of 
xylose. The low yield (24%) from this reaction is attributable to the low solubility of the 
material in the organic solvents employed for reduction. 

Methylation studies of the acidic material confirmed these results. After removal of 
the neutral methylated sugars the methylated oligouronic acids were separated on thick 
paper. After glycosidation, reduction, and hydrolysis, the first fraction gave equimolar 
proportions of 2 : 3 : 4-tri-O-methyl-p-glucose and 2-O-methyl-L-rhamnose. This fraction 
therefore consisted of 2 : 3 : 4-tri-O-methyl-4-O-p-glucopyruronosy1-2-O-methyl-L-rhamnose 
and almost certainly originated from the same portion of the molecule as the 4-O-p-gluco- 
pyruronosyl-L-rhamnose, isolated from the hydrolysate of the unmethylated extract. 
Furthermore it follows that these units must be linked to the rest of the molecule through 
the hydroxyl group on position 3 of the rhamnose. Each of the remaining acidic fractions 
was similarly treated and each gave rise to approximately equimolar proportions of 
2:3:4-+tri-O-methylglucose and a non-reducing syrup with a high chromatographic 
mobility (Rg 1-15). The latter material did not reduce periodate and gave a positive test 
for methoxyl. These properties are in agreement with the structure, 1 : 4-anhydro-2-0- 
methylrhamnitol. Although it has been shown that rhamnitol, on treatment with acid, 
gives the 1 : 4-anhydro-derivative 5 it is difficult to see how this product could have arisen 
from the methylated acid fraction. Only if cleavage of the glycosidic links occurred 
before or during the reduction would rhamnitol be produced. Although comparison with 
reduced 2-O-methylrhamnose suggests that this non-reducing syrup derived from the acid 
fraction probably arose from rhamnose residues in the polysaccharide its characterisation 
as 1 : 4-anhydro-2-O0-methylrhamnitol can only be regarded as tentative. 

Methylation failed to reduce the proportion of sulphate groups in the polysaccharide 
(B). The allocation of these groups to individual sugar residues is a difficult problem; 
their attachment to glucose residues is very unlikely in view of the separation of a sulphate- 
free glucan and of the small amount of glucose in polysaccharide (B). The reduced 
glucuronic acid residues were isolated solely as 2:3: 4-tri-O-methylglucose and must 
therefore occur as glycosidically linked end-groups with all the hydroxyl groups free for 
methylation. This leaves only xylose and/or rhamnose for union with the sulphate 
groups. 2:3-Di-O-methylxylose and 2: 3-di-O-methylrhamnose were isolated in ap- 
proximately equal quantities together with about twice as much mono-O-methylrhamnose. 
There are barely enough xylose residues to accommodate all the sulphate groups. Further- 

more, if sulphate is linked to position 4 of those xylose units isolated as 2 : 3-di-O-methyl- 
xylose then practically all the xylose residues in the molecule are present as end-groups, 
many of which are sulphated. A likely site, therefore, for some at least of the sulphate 
groups, is on the rhamnose residues. 

The polysaccharide(s) (B) must have a highly complicated structure. At least part of 
the molecule consists of 1: 3-linked rhamnose residues carrying glucuronic acid units 
linked at position 4. The results of methylation studies have revealed the presence of the 
following residues: 


GCA. w.wAHiR... «ABM «ABR. Bb. tia ~ ete 
3 6 
(25%) (11%) (21%) (11%) (42%) (1-7%) (0-6%) 


GA = glucuronic acid, G = glucose, R = rhamnose, X = xylose. 


5 G. Buchanan, personal communication. 
4B 
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The rest of the material (ca. 24°4) comprises the non-reducing material isolated from the 
acid fraction. 


EXPERIMENTAL 


Analytical Methods.—-All solutions were evaporated under reduced pressure below 60°. 
Paper partition chromatography was carried out on Whatman No. 1 paper with upper layers 
of the following solvent systems (v/v) (1) butan-l-ol-benzene-pyridine—-water (5: 1:3: 3); 
(2) ethyl acetate—pyridine-water (10: 4:3); (3) ethyl acete—-acetic acid-formic acid—water 
(18:4:1:5); (4) ethyl acetate—acetic acid—water (3: 1:3); (5) butan-1l-ol-acetic acid—water 
(4: 1:5); (6) butan-1l-ol-ethanol—water (4:1: 5); (7) ethyl methyl ketone half saturated with 
water plus ammonia (99:1); (8) ethyl acetate—acetic acid—-water (9:2:2). Papers were 
sprayed with a saturated aqueous solution of aniline oxalate. Rg, Rg, Gag, and Rp are the 
rates of travel relative to tetramethylglucose, glucose, glucuronic acid (glucurone co-spotted 
with ammonia), and the solvent front respectively. Ionophoresis * was carried out (750 v; 
12-5 ma) in borate buffer at pH 10, and the ionophoretograms were sprayed with saturated 
aqueous aniline oxalate containing 20% of acetic acid. Specific rotations were measured for 
solutions in water at 18°. 

Acrosiphonia centralis (100 g. dry), collected from Millport in April and June 1957, was 
thoroughly washed with sea-water, dried in a current of air at room temperature, and extracted 
under reflux with 85% aqueous ethanol until the alcoholic extracts were colourless. The 
residual weed was then exhaustively extracted at 95° with 1% ammonium oxalate solution and 
with water, and at room temperature with 0-01N-hydrochloric acid, 2% aqueous sodium 
carbonate, and 5% aqueous potassium hydroxide. The extracts were each dialysed until free 
from inorganic material, and the polysaccharides isolated by freeze-drying. Chromatography ® 
of the hydrolysate of each extract revealed that they all contained the same sugar residues, and 
in approximately the same proportions. The weed remaining after extraction with ammonium 
oxalate was kept for 10 days in 72% sulphuric acid solution.” The filtered solution was diluted 
with water to a strength of Nn, then heated at 100° for 7 hr. The resulting syrup contained 
glucose : xylose: rhamnose (1:1:1) together with minute quantities of oligouronic acids 
(paper chromatography, visual examination). 

Extraction with ammoniun oxalate gave the highest yield (12° of the dry weight of weed) 
of water-soluble polysaccharide, and a comparison of the properties of this extract with those of 
the hot water extract (4-5°% yield) demonstrated the essential similarity of the two materials: 


Extract Ash (%) Sulphate (%) Nitrogen (%) 
IIIT spiced sncdeniebiditaesneneeeninaedii 13-9 7-8 1-0 
I UIE Seite ccndensencetioncerens 10-0 78 4:2 


In view of these findings all the subsequent investigations were carried out on an ammonium 
oxalate extract. 

The polysaccharide (12 g.) was isolated, as an off-white powder, by freeze-drying. It had 
| —31° (c 1-2) [Found: N (as ammonium salt by direct distillation with alkali) 3-6, (Kjeldahl) 
4-2; ash (direct) 10-0; (as sulphate) 11-8; SO,?~ in ash 32; total SO,?-, 7-8; uronic anhydride,® 
20-3%]. 

Attempted Fractionation of the Aqueous Extract—10% Aqueous cetyltrimethylammonium 
bromide (5 c.c.) was added dropwise, with stirring, to an aqueous solution of the extract (189 mg. 
in 20 c.c.). Regeneration * of the polysaccharide from the complex and from the supernatant 
liquid gave 132 mg. (SO,2-, 8-1%) and 37 mg. (SO,?-, 9-5%) respectively. Four successive 
fractionations in all were carried out; in each case hydrolysates of material both from the 
complexes and the supernatant layers revealed the presence of glucose, xylose, and rhamnose 
with no significant difference in their relative proportions (paper chromatography). 

Treatment of the extract with aqueous solutions of copper sulphate and copper acetate 
failed to achieve fractionation.’ 

Equivalent-weight Determination.—An aqueous solution of the polysaccharide (133 mg. in 

* Foster, Chem. and Ind., 1952, 1050. 

7 Monier-Williams, J., 1921, 119, 803. 

® Swenson, McCready, and Maclay, Ind. Eng. Chem. Anal., 1946, 18, 290. 

* Bera, Foster, and Stacey, J., 1955, 3788. 

10 Hough, Jones, and Wadman, J., 1952, 3393. 
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20 c.c.) was recycled four times through a column of Amberlite IR-120H resin (10 g.), and the 
eluant freeze-dried to a white powder (Found: ash, nil; SO,?-, 7-5%). The equivalent weight 
of this material, determined by titration with 0-01N-sodium hydroxide, was 459 (mean of several 
determinations). 

Hydrolysis of the Polysaccharide.—(a) The polysaccharide (0-335 g.) was hydrolysed with 
N-sulphuric acid (30 c.c.) at 100°. The course of the hydrolysis was followed by chrom- 
atography and measurement of specific rotation and reducing power (hypoiodite reduction ') 
on aliquot parts: 


EIIIED, -sicinbesccniwansacupemnnnnesas 0 0-5 1 2 4 6 8 
FOGG (SSIN; CS.) ...cccccesscecees. 1-9 5-4 71 8-6 9-7 -- — 
i eae TOE -s -19 -<¢ +2° +6° 44° +-6° 


Chromatography (solvent 1) revealed that glucose, xylose, and rhamnose were released within 
the first hour, accompanied by -traces of neutral oligosaccharides; the oligosaccharides had 
entirely disappeared in 8 hr. The presence of uronic acids was indicated by a series of pink 
spots near the starting line. Traces of mannose and galactose were also visible. 

(b) The polysaccharide (1 g.) was heated under reflux with 3% methanolic hydrogen chloride 
(25 c.c.) for 6 hr.; 15% methanolic hydrogen chloride (15 c.c.) was then added at 16- 
hourly intervals, four times in all (total hydrolysis time 70 hr.). Water (30 c.c.) was added and 
the mixture heated at 100° for 6hr. Chromatography in solvent (3) failed to reveal the presence 
of glucuronic acid or its lactone. 

(c) The polysaccharide (1 g.) was heated with 98% formic acid (50 c.c.) under reflux in 
nitrogen for 7 hr. The neutral sugars were separated by elution through a column of IR-45B 
resin (acetate form), and the column was washed with water until the eluant gave a negative 
Molisch reaction. The acid fraction was recovered by elution with Nn-formic acid. After 
repeated extraction with ether the aqueous-acid fraction was evaporated to dryness and 
exhaustively extracted with ethanol. Chromatography (solvent 3) of the concentrated ethanolic 
extracts revealed spots of Rg 1-05, Mg.0-75, and Rq 0-88 and 0-63 respectively (cf. glucurone 
Rg 2-4). 

Partial Hydrolysis of the Polysaccharide and Separation of the Sugars.—The polysaccharide 
(3-25 g.) was hydrolysed with n-sulphuric acid for 7 hr. at 100°. After neutralisation of the 
cooled solution with barium carbonate, the hydrolysate (2-2 g.) was obtained as an amorphous 
solid. Quantitative analysis of the neutral sugars in this hydrolysate by a colorimetric method * 
gave the molar proportions of glucose (1-0), xylose (2-1), rhamnose (1-3); and by sodium 
periodate oxidation ™ glucose (1-0), galactose (0-12), mannose (0-21), xylose (2-2), and rhamnose 
(1-6). A portion of the hydrolysate (1:75 g.) was fractionated on a cellulose column 
(2-8 x 60cm.) with butan-1-ol half saturated with water as eluant. Rp values are recorded for 
solvent (1). ; 

Fraction 1. A yellow syrup (28-8 mg.), Ry 0-09, [a],, —4° (c 2-29) (Found: OMe, nil), gave 
a positive Selivanoff test. 

Fraction 2. Crystalline L-rhamnose hydrate (139 mg.), m. p. and mixed m. p. 68°, Ry 0-55; 
the derived benzoylhydrazone had m. p. and mixed m. p. 186°. 

Fraction 3. <A syrup (18-5 mg.), Ry 0-46, was chromatographically distinct from ribose and 
gave a positive Selivanoff test. 

Fraction 4. Crystalline p-xylose (264 mg.), m. p. and mixed m. p. 145°, Rp 0-44, [a], +19° 
(c 1-0). The derived dibenzylidene dimethy] acetal had m. p. 186°. 

Fraction 5. A syrup (39-0 mg.), Rp 0:38. Although contaminated with xylose it was 
mainly mannose (solvents 1 and 3); its identity was confirmed by isolation of mannose phenyl- 
hydrazone m. p. and mixed m. p. 188°. 

Fraction 6. A syrup (56-6 mg.), Rp 0-33, [aJ,, -+-53° (c 0-25); its identity as D-glucose was 
established by formation of the dichlorophenylhydrazone, m. p. and mixed m. p.-153°. 

Fraction 7. A syrup (21 mg.), Rp 0-28, chromatographically identical with galactose 
(solvents 1 and 3). The derived diethyl mercaptal had m. p. and mixed m. p. with the diethyl 
mercaptal of p-galactose, 140—142°. 

Fraction 8. Eluted with water, and isolated as an amorphous solid (820 mg.), Ry 0O—0-07. 

Examination of the acidic fraction. Fraction 8 (2-14 g., the combined products from two 
separations) was converted into the free acid (1-57 g.) by treatment with IR-120(H*) resin and 


11 Hirst and Jones, /., 1949, 1659. 
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an aqueous solution (10 c.c.), mixed to a slurry with cellulose powder, and freeze-dried. The 
product was applied to the top of a cellulose column (74 x 3-6 cm.) and eluted with solvent (8) ; 
Rg values recorded below are for solvent (3). Seven fractions were separated. Each of the 
fractions, after evaporation to small volume (10 c.c.), was treated with barium hydroxide (to 
remove traces of sulphuric acid) and filtered. The filtrate was exhaustively treated with 
ether in a continuous extractor to remove final traces of acetic acid. Deionisation with IR- 
120(H*) resin afforded clear acidic syrups. 

(a) Fraction 1 (0—2-51.) (144mg.). Chromatography showed glucose, xylose, and rhamnose 
together with considerable streaking. 

(b) Fraction 2 (2-5—3-61.). An aldobiuronic acid (227 mg.), [a),, —6° (c 0-5), Rg 1-05, Rex 
0-85 (solvent 4); co-spotting with ammonium hydroxide before elution gave a second spot, 
Rg 0-57 (cf. p-glucurone Rg, 2-4 and 1-0 under these conditions), Mg (in borate buffer pH 10) 
0-75, (in acetate buffer pH 5-5) 0-0 (cf. glucose and glucurone which behaved similarly). 
Co-spotting with ammonia before ionophoresis in acetate buffer gave a second spot ca. 15 cm. 
from the starting line. Galacturonic acid in acetate buffer moves ca. 14 cm. in 5 hr. (Found: 
equiv., 328, by titration). The reducing power, compared with that of rhamnose monohydrate 
as standard, was measured by treatment with iodine in excess of sodium hydroxide solution. 
The mixture was set aside for 2 hr., then acidified with sulphuric acid and titrated with sodium 
thiosulphate. The aldobiouronic acid (12-4 mg.) had the reducing power of 6-55 mg. of 
rhamnose monohydrate. This corresponds to a molecular weight of 344. Hydrolysis of a 
portion with 2n-sulphuric acid gave only degradation products of the furfuraldehyde type 
(paper chromatography). A portion (204 mg. and 50 mg. from a previous fractionation) was 
heated under reflux with 2% methanolic hydrogen chloride for 6 hr. The resulting ester 
glycoside (266 mg.) was suspended in tetrahydrofuran (30 c.c.) which had been dried by distil- 
lation from sodium and from lithium aluminium hydride. A saturated suspension of the 
hydride in tetrahydrofuran (6 c.c.) was then added dropwise, and the solution refluxed for 1 hr. 
Dropwise addition of water (18 c.c.) was followed by filtration of precipitated aluminium 
hydroxide and treatment with IR-120(H*) resin. After evaporation of the organic liquid the 
remaining aqueous solution (R) was diluted with distilled water to 50. c.c. Toa portion of this 
(10 c.c.) an equal volume of 2n-sulphuric acid was added, and the mixture heated at 100° for 
6hr. Deionisation with IR-4B(OH~) resin, evaporation to dryness, and methanol-extraction of 
the residue afforded a syrup (33-7 mg.). Chromatography (solvents 1 and 3), together with 
colorimetric estimation, revealed the presence of glucose and rhamnose in the molar proportion 
of 1:0-95. The hydrolysed material (30 mg.) was treated with glucose oxidase,‘ and the 
enzyme was later removed by addition of equivalent solutions of cadmium sulphate and barium 
hydroxide and filtration of the resulting precipitate. Evaporation followed by methanol- 
extraction yielded a syrup which contained only rhamnose (paper chromatography). The 
derived benzoylhydrazone had m. p. and mixed m. p. 185°. 

A portion of the diluted solution (R) (4 c.c.) was deionised with IR-120(H*) and IR-4B(OH-) 
resin and evaporated to a clear glass (14-2 mg.) which was oxidised with 0-015m-sodium periodate 
(10 c.c.). The reduction of periodate after 44 hr. was found !* to be equivalent to 2-8 moles of 
periodate per mole of disaccharide glycoside and proceeded only very slowly beyond this figure. 

The remainder of solution (R) (containing 128 mg.) was methylated with 25% aqueous 
sodium hydroxide in nitrogen at 5°, and dimethyl sulphate (17 c.c.) was added dropwise with 
cooling and stirring during 6 hr. Next morning the mixture was remethylated twice more and 
then extracted with chloroform. Evaporation of the chloroform extracts afforded the reduced 
methylated disaccharide glycoside (98 mg.), {a],, +7° (¢ 2-0 in methanol). Hydrolysis with 
aqueous-methanolic n-hydrogen chloride (1: 1) gave a syrup (84 mg.) which was separated on 
3MM paper (40 x 40 cm.) by elution with solvent (7). Rg values are recorded below for 
solvent (6). 

Fraction (i). 2:3: 4:6-Tetra-O-methylglucose (36 mg.), m. p. and mixed m. p. 94°, [a], 
79° (c 0-9), Rg 1-0 (Found: OMe, 51-9. Calc. for C,gH,,0,: OMe, 52-5%). 

Fraction (ii). 2: 3-Di-O-methylrhamnose (34 mg.), [a], +42° (c 2-9), Rg 0-86, Mg 0-02. 
Oxidation with periodate and chromatography of the product ™ revealed one spot, of Rp 0-81. 
Comparison with the oxidation product of authentic 2 : 4-di-O-methylrhamnose revealed spots of 
Ry 0-72, 0-78, and 0-85 (solvent 6). Cf. page 2177, fraction 2. 

'? Aspinall and Ferrier, Chem. and Ind., 1957, 1216. 

13 Lemieux and Bauer, Canad. J]. Chem., 1953, $1, 814. 
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(c) Fraction 3 (3-6—4-4 1.) (58 mg.). Chromatography showed this to be a mixture of 
fractions 2 and 4. 

(d) Fraction 4 (4-4—5-2 1.) (45 mg.), [@],, + 4° (c 0-5), Rg, 0-88, Rg, 0-68 (solvent 8) (Found: 
equiv. 514, by titration; M, 508. Calc. for diglucuronosyl-O-rhamnose C,,H,,0,,: M, 516). 
Conversion into the ester glycoside and reduction, as for fraction 2, gave on hydrolysis a syrup 
consisting of glucose : rhamnose ® 1-76: 1. 

(e) Fraction 5 (5-2—5-6 1.) (27 mg.) was a mixture of fractions 4 and 6. 

(f) Fraction 6 (5-6—6:4 1.). The syrup (51 mg.), Rg; 0-63, Rg, 0-44 (solvent 8) (Found: 
equiv. 690, by titration; M, 1050), on glycosidation, reduction, and hydrolysis, yielded a syrup 
containing glucose : rhamnose = 1 : 0-83. 

(g) Fraction 7 (aqueous eluant) (974 mg.), Rg, O—0-4. Further hydrolysis (16 hr., 2N-HCl 
at 100°) of a portion of this syrup and chromatography of the hydrolysate revealed spots corre- 
sponding to the acidic oligosaccharides described above. Esterification, reduction, and 
hydrolysis afforded a syrup containing glucose : rhamnose = 1 : 0-88, together with a trace 
of xylose. 

Periodate Oxidation of the Extract.—The extract (0-153 g.) in water (30 c.c.) was treated with 
0-095m-sodium periodate (30 c.c.). The reduction of periodate and release of formic acid were 
measured on samples (1 c.c.) withdrawn at intervals: + 


We RD windxestiistincinecasictbscsnepseneien 1-25 3-5 8 25 32 48 96 
Moles of periodate reduced/anhydro-unit 0-47 0-61 0-70 0-90 0-98 1-08 1-20 
Moles of formic acid released/ ad 0-138 0-177 0-215 0-250 0-256 0-397 0-586 


Oxidation was stopped after 96 hr. by passing sulphur dioxide through the cooled mixture. 
After dialysis, freeze-drying afforded the oxopolysaccharide (204 mg.) (Found: ash, 6-7; SO,*-, 
8-6%). Chromatography of the hydrolysate (7 hr., N-H,SO, at 100°)revea led the presence of 
small amounts of xylose and rhamnose. 

Acetylation of the Polysaccharide.—The polysaccharide (13-8 g.), dispersed in formamide 
(100 c.c.) and pyridine (700 c.c.), was shaken with acetic anhydride (200 c.c.) during 72hr. The 
mixture was added slowly with cooling to an equal volume of water. After dialysis and evapor- 
ation to small volume the polysaccharide (15-6 g.) was isolated by freeze-drying (Found: Ac 
13-6%). Reacetylation gave an off-white powder (14-5 g.) (Found: Ac, 22-4%). Further 
treatment with acetic anhydride failed to increase the acetyl content. The acetylated material 
(12-7 g.) was exhaustively extracted with chloroform. Addition of light petroleum to the 
concentrated chloroform extracts afforded a white precipitate (polysaccharide acetate A; 
0-91 g.). The chloroform-insoluble material (11-5 g.) will henceforth be called polysaccharide 
acetate (B). 

Polysaccharide (A).—Polysaccharide acetate (A) had [a),, +71° (¢ 1-2 in CHCl,) (Found: 
SO,?-, nil). Deacetylation of a portion with sodium methoxide afforded a polysaccharide 
which gave a purple colour with iodine. This property was destroyed by prior treatment with 
a-amylase.* Hydrolysis of a portion and determination * of the molar proportions of the 
sugars present gave glucose : mannose : xylose = 1-0: 0-31 : 0-17. 

Deacetylation and methylation. The acetate (A) (0-82 g.), dissolved in ice-cooled 30% 
aqueous sodium hydroxide (20 c.c.), was treated dropwise with dimethyl sulphate (9 c.c.) with 
stirring in nitrogen during 6 hr. After being kept overnight the mixture was treated with a 
further quantity of sodium hydroxide and dimethyl sulphate as before.* The mixture was 
neutralised (pH 7) with sulphuric acid and dialysed until free from inorganic ions. Thallium 
hydroxide (2 g.) was added and the mixture freeze-dried. The resulting white powder was 
refluxed with methy] iodide (10 c.c.) until the solution was no longer alkaline (16 hr.).4* After 
evaporation of the methyl iodide the residue was extracted at room temperature with methanol 
(3 x 25 c.c.), and with 50% aqueous methanol (3 x 25c.c.); under reflux with 50% aqueous 
methanol (3 x 25 c.c.) and with water (3 x 25c.c.). The combined extracts were methylated 
as before. After a third methylation and removal of the methyl iodide the residue was extracted 
with chloroform. Removal of the chloroform afforded a syrup (0-34 g.). Methylation with 
Purdie reagents twice gave a methylated product (0-324 g.) with [a], +42° (c 1-03 in CHCI,) 
(Found: OMe, 38-6%). Hydrolysis with 4% methanolic hydrogen chloride (20 c.c.) under 

4 Rundle, Foster, and Baldwin, J. Amer. Chem. Soc., 1944, 66, 2116. 


18 Haworth, J., 1915, 107, 13. 
16 Fear and Menzies, J., 1926, 937. 
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reflux for 3-5 hr. was followed by addition of N-hydrochloric acid (20 c.c.) and heating during a 
further 3-5 hr. The resulting syrup (0-28 g.) was fractionated on a cellulose column 
(1-9 x 45cm.) with water-saturated light petroleum-butan-l-ol (7:3). Rg values are recorded 
below for solvent (6). The products of demethylation were identified by paper chromatography.! 

Fraction 1 (l1—71 c.c.). Syrupy 2:3: 4: 6-tetra-O-methylglucose (21 mg.), Rg 1-0, [a], 
+ 73° (c 0-24) (Found: OMe, 51-0. Calc. for C,gH.,O,: OMe, 52-5%). Demethylation gave 
only glucose. The derived aniline derivative had m. p. and mixed m. p. 135°. 

Fraction 2 (71—189 c.c.). A syrup (11-2 mg.) which revealed spots of Rg 1-0, 0-91, and 
0-81, corresponding to 2:3:4:6-tetra- and 2:3: 6-tri-O-methylglucose and 2:3: 4-tri-O- 
methylxylose respectively, on chromatography. Demethylation gave glucose and xylose. 

Fraction 3 (190—364 c.c.). A syrup (84 mg.), Rg 0-81, chromatographically identical with 
2 : 3: 6-tri-O-methylglucose in solvents (6) and (7), and having [a], +72° (c 0-78) (Found: OMe, 
40-3. Calc. for C,H,,0,: OMe, 41-99%). It gave only glucose on demethylation. An aliquot 
part (c 1-12) was kept at room temperature in 0-1N-methanolic hydrogen chloride and the change 
in rotation observed: 


Time (hr.) 0-2 1 21 29 40 45 
. 


4 5 2 
Sil cacecens +0-74° +052 +0-26° +0-24° —0-19° —0-25° —0-32° —0-32° Final [a]p —0-29° 


Hydrolysis with 0-5n-hydrochloric acid gave the parent sugar. The derived lactone had 
fal, +33°. 

” Fraction 4 (379—469 c.c.). A syrup (16-5 mg.), Rg 0-76 (cf. 2: 3-di-O-methylxylose, Rg 
0-76; 2:4-di-O-methylxylose Rg 0-69), Mg 0-02, [a], +9° (c 0-7); it gave only xylose on 
demethylation. 

Fraction 5 (470—553 c.c.) (19 mg.), Rg 0-76. Demethylation gave mannose and xylose. 

Fraction 6 (554—1036 c.c.). A syrup (16 mg.), [@J,, + 16° (c 0-8 in MeOH), Rg 0-76 identical 
with 2:3: 6-, and distinct from 2: 4: 6- and 3: 4: 6-tri-O-methylmannose run as controls. It 
gave mannose on demethylation. 

Fraction 7 (1037—1365c.c.). A syrup (27 mg.), [@],, +52° (c 0-9 in acetone) Rg 0-56 (Found: 
OMe, 29-2. Calc. for C,H,,O,: OMe, 29-6%), gave only glucose on demethylation and was 
chromatographically identical with 2 : 3-di-O-methylglucose run as a control (solvents 6 and 7). 
The derived aniline derivative had m. p. 133°, undepressed on admixture with specimen kindly 
given by Professor M. Stacey, F.R.S. 

Fraction 8 (aqueous eluant). An amorphous solid (12-3 mg.), [a], —9° (¢ 0-3). Deionis- 
ation [IR-120(H*] resin) gave an acidic syrup which revealed spots of Rp 0-70, 0-45, 0-40, 0°34, 
and 0-15 respectively (paper chromatography, solvent 5). 

Polysaccharide (B).—The chloroform-insoluble acetate (B) had [a], +38° (c 1-15 in C;H,N) 
(Found: Ac, 22-0; SO, 5-7%). Determination of the molar proportions * of the sugars 
present in a hydrolysate gave galactose : glucose : xylose : rhamnose = 0-06: 0-56: 1-69 : 1-31. 
Deacetylation and methylation of the residual material (11-3 g.) as for polysaccharide (A) gave 
a methylated product (5-3 g.), [a,, —28° (¢ 1-3 in CHCl,) (Found: OMe, 35-1; SO,?-, 5-4%). 
Further Purdie methylations failed to raise the methoxyl content. Fractionation of the 
methylated material (5-12 g.) by treatment with light petroleum (b. p. 60—80°) and addition of 
increasing quantities of chloroform gave the following fractions. Complete dissolution occurred 
in a mixture containing 40% chloroform (v/v) : 


ID scinininnibigtiniamininiaeeds 1 2 3 4 5 6 7 8 
CHCl, in mixture (%) ...... 0 5 10 15 20 25 30 40 
.. 4 *§ eer 24 47 106 386 635 972 943 2060 


A sample of each fraction was hydrolysed (N-H,SO,, 7 hr., 100°), and the hydrolysate examined 
by paper chromatography. Each of the hydrolysates contained methylated uronic acids 
(solvent 3) and exhibited no appreciable quantitative difference in the neutral methylated sugars 
present. The fractions were combined (5-1 g.) and hydrolysed as for the methylated poly- 
saccharide (A) except that hydrolysis with aqueous acid was continued for 18 hr. The product 
(4-1 g.) was separated on a cellulose column (52 x 3 cm.) with water-saturated light petroleam-— 
butan-1-ol (7 : 3); Rg values are recorded below for solvent (6). 

Fraction 1. 2:3: 4-Tri-O-methylxylose (87 mg.), Rg 0-95, [a], +22° (c 0-8) (Found: OMe, 
48-0. Calc. forC,H,,0;: OMe, 48-1%). Demethylation afforded xylose. The aniline derivative 
had m. p. and mixed m. p. 97°. 
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Fraction 2. Crystallised slowly from methanol (230 mg.), this had m. p. 99°, Rg 0-88, Mg 
0-0 (cf. 3: 4-di-O-methylrhamnose Mg 0-36), {a],, +42° (c 1-5) (Found: OMe, 32-4. Calc. for 
C,H,,0;: OMe, 32-3%). Demethylation gave rhamnose. The reduction of sodium periodate 
by this fraction and by 2: 4-di-O-methylrhamnose was measured.!* This was constant with 
both sugars after 20 hr. and corresponded to 1-6 and 0-9 mol. of periodate respectively. After 
addition of ethylene glycol the oxidation mixtures were examined by paper chromatography ™ 
(solvent 6). The product from fraction (2) gave one main spot, of Rg 0-81, whereas that from 
2 : 4-di-O-methylrhamnose gave spots of Rg 0-72, 0-78, and 0-85 severally (aniline oxalate spray). 
X-Ray powder photographs of the crystalline sugar and of authentic 2 : 4-di-O-methylrhamnose 
were different. 

Fraction 3. 2:3: 6-Tri-O-methylglucose (35 mg.), m. p. and mixed m. p. 122°, Rg 0-81, 
[aly +70° (c 0-95) (Found: OMe, 42-0. Calc. for C,H,,O,: OMe, 41-9%). Demethylation 
gave glucose. 

Fraction 4. Syrupy 2: 3-di-O-methylxylose (250 mg.), Rg 0-77 (cf. 2 : 4-di-O-methylxylose 
Rg 0-66), (oJ, +21° (c 3-0) (Found: OMe, 34-0. Calc. for C,H,,O;: OMe, 348%). Demethyl- 
ation gave xylose. The aniline derivative had m. p. and mixed m. p. 145°. 

Fraction 5. Syrupy 2-O-methylrhamnose (464 mg.), Rg 0-60, Mg 0-06 (cf. 3-O- and 4-0- 
methylrhamnose Mg 0-37 and 0-48 respectively), {«],, +37° (c 3-5). The derived methylglyco- 
pyranoside reduced 1-1 moles of sodium metaperiodate per mole of glycoside. Paper chrom- 
atography of the oxidation products of the free sugar revealed a single spot of Ry 0-78. 4-O- 
Methy!rhamnose on similar treatment gave a spot of Ry 0-95 (solvent 6). The aniline derivative 
had m. p. 146° undepressed on admixture with an authentic specimen of 2-O-methyl-N-phenyl- 
rhamnosylamine kindly supplied by Dr. L. Hough. 

Fraction 6. Syrupy 2: 3-di-O-methylglucose (14 mg.), Rg 0-52 (Found: OMe, 29-5. Calc. 
for C,H,,0,: OMe, 29-6%). Demethylation gave glucose. The aniline derivative had m. p. 
and mixed m. p. 132° [cf. polysaccharide (A), fraction 7]. 

Fraction 7. A syrup (26 mg.); Rg 0-30; in solvent (5), Rg 0-75. 

Fraction 8, aqueous eluant. An amorphous solid (2-06 g.) which after treatment with 
IR-120(H*) resin gave an acidic syrup (1-61 g.). Chromatography in solvent (5) gave spots of 
Ry 0-72, 0-53, 0-33, 0-25, 0-13, and 0-10; and Rg values of 0-87, 0-66, 0-41, 0-30, 0-16, and 0-12 
respectively. Attempted separation on a cellulose column was unsuccessful, but was achieved 
on thick paper with this eluant: six fractions were collected. 

The first (i), a syrup (161 mg.), Rg 0-87, [a], — 12° (c 1-6), was converted into the ester glycoside 
and reduced with lithium aluminium hydride as for the aldobiuronic acid. This product was 
hydrolysed with N-hydrochloric acid at 100° for 4 hr. The resultant syrup (95 mg.) revealed 
two main spots, of Rg 0-84 and 0-61 respectively, together with a faint spot of Rg 1-15 (paper 
chromatography, solvent 6). Separation on thick paper (83MM) afforded: 2: 3: 4-tri-O-methyl- 
glucose (38 mg.) (characterised as below) and 2-O-methylrhamnose (36 mg.), Rg 0-61, [aj,, +34° 
(c 1-8), chromatographically and ionophoretically identical with fraction 5 separated from the 
hydrolysate of the neutral sugars from the methylated polysaccharide (B). After periodate 
oxidation this substance revealed a single spot, Ry 0-78 (solvent 6). 

The other fractions (ii, 56 mg.; iii, 154 mg.; iv, 117 mg.; -v, 360 mg.; and vi, 207 mg.) were 
each converted into their ester glycoside, reduced, and hydrolysed. Chromatography (solvent 6) 
of each hydrolysate revealed that fractions ii—v each gave two spots, of Rg 1-15 and 0-84. 
Fraction ii also gave a faint spot of Rg 0-61. Fraction vi gave the same spots as fractions 
ii—v and in addition spots of Rg 0-48, 0-33, 0-18, and 0-10 severally. Yields were as tabulated. 
Fractions ii—v were combined and separated into two further fractions (a and b) on thick 


paper. 


Fraction ii iii iv Vv vi 
IED siicusditcsccivinscecticommnyeness 56 154 117 360 207 
ee Se ID, i cicowsncccccansissisnnes 31 92 68 204 82 


(a) 2:3: 4-Tri-O-methylglucose (142 mg. + 38 mg. from fraction i), Rg 0-84, [a], +53° 
(c 0-66) (Found: OMe, 41-2. Calc. for C,H,,0,: OMe, 41-9%), gave an infrared spectrum 
identical with that from 2:3: 4-tri-O-methylglucose. The aniline derivative had m. p. 131°, 
not depressed on admixture with 2 : 3 : 4-tri-O-methyl-N-phenylglucosylamine, m. p. 139°. 

(6) A yellow non-reducing syrup (113 mg.), Rg 1-15 (solvent 6), [aJ,, +41° (c 2-0), was un- 
attacked by periodate and gave a positive test for methoxyl. Comparison of the infrared 
spectra of this material with that of reduced (lithium aluminium hydride) 2-O-methylrhamnose 
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revealed that, while not identical in the finger-print region, the spectra indicated similarity in 
the molecular structure. 


The authors are grateful to Professor E. L. Hirst for his interest and advice, and to Dr. J. G. 
Buchanan for help in the identification of the rhamnitol derivative. They are indebted to the 
Institute of Seaweed Research for a maintenance award (to J. J. O’D), and to Distillers Company 
and Imperial Chemical Industries Limited for grants. 
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434. The Chemistry of Quadrivalent Germanium. Part VI." 
Ion-exchange Studies of More Concentrated Germanate Solutions. 


By D. A. Everest and J. C. HARRISON. 


Ion-exchange studies of more concentrated germanate solutions have 
indicated the existence of a heptacondensed germanate ion H,Ge,0,,". 
From experiments with resins of different water regain and with near- 
saturated germanate solutions it is postulated that the equilibrium mono- 
germanate —= pentagermanate —== heptagermanate exists in germanate 
solutions. This equilibrium is displaced to the right on increasing the 
germanium concentration and to the left by increasing the pH above pH 9. 


In previous Parts !“ the condensation of germanic acid has been studied by ion-exchange 
techniques, whilst similar methods have been used for studying condensation reactions of 
boric,5 arsenious,® telluric,? and vanadic acids. With germanate solutions, penta- 
germanate ions Ge,O,,”~ were taken up by the resin at pH 9, whilst at higher pH values 
increasing quantities of monogermanate ions were sorbed by the exchanger owing to 
decondensation of the pentagermanate. Below pH 9 the amount of germanium sorbed by 
the resin decreased rapidly, although the R value of the sorbed species (#.e., the average 
number of germanium atoms per “ active site’ of resin »®%) tended to remain near 2-5, 
the required value if the germanium was taken up as pentagermanate. Until recently the 
existence of pentagermanate in solution appeared to be confirmed both by the above 
experiments and by the results of other workers using a range of techniques.*"% How- 
ever, Wittman and Nowotny ™ have shown that the solids previously considered to be 
ntagermanates 15.16 are actually derived from the heptacondensed acid H,Ge,Ojg, the 
pentag y : prac ae7 16) | 
general formule of these compounds being M,HGe,O,,. Wittman and Nowotny consider 
that there is no evidence that the pentagermanate ion ever occurs in the solid state, and 
they also suggest that it is the HGe,O,,°~- ion which is the condensed germanate species 
occurring in the vicinity of pH 9 rather than the pentagermanate ion. Similar views have 
1 Part V, Everest and Harrison, ]., 1957, 4319. 
* Everest and Salmon, J., 1954, 2438. 
3 Idem, J., 1955, 1444. 
* Everest, J., 1955, 4415. 
5 Everest and Popiel, J., 1956, 3183. 
* Idem, J., 1957, 2433. 
7 Idem, J. Inorg. Nuclear Chem., 1958, 6, 153. 
® Russell and Salmon, J., 1958, 4708. 
* Carpeni and Tchakarian, Compt. rend., 1948, 226, 725. 
© Carpeni, Bull. Soc. chim. France, 1948, 629. 
11 Schwarz and Huf, Z. anorg. Chem., 1931, 208, 188. 
; ad + a and Teyssedre, Bull. Soc. chim. France, 1951, 938; Bye, ibid., 1953, 390; Souchay, ibid., 
953, 395. 
1® Lourijsen-Teyssedre, ibid., 1955, 1118. 
'* Wittman and Nowotny, Monatsh., 1956, 87, 654. 
'* Tchakarian and Carpeni, Compt. rend., 1948, 226, 1094. 
16 Tchakarian and Wallace, Bull. Soc. chim. France, 1954, 1067. 
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been advanced by Edwards and his co-workers.!’ It is relevant that the compound 
previously considered to be crystalline pentagermanic acid 48 has been shown to be simply 
hydrated germanium dioxide.!® 

Re-examination of our ion-exchange data }*4 indicates that R values obtained with 
germanate solutions up to ca. pH 9 are slightly, but significantly, above 2-5, increasing 
with increasing germanium concentration. As increasing its concentration usually 
increases the tendency for an acidic species to condense (e.g., refs. 5, 6, and 7), it was 
considered that by increasing the germanium concentration it might be possible to detect 
the presence of more highly condensed species than pentagermanate by ion-exchange 
methods. Experiments have also been carried out on resins of different water regains in 
order to differentiate between germanate species with different degrees of condensation. 
This technique has been used by Russell and Salmon for studying the condensation of 
vanadic acid.§ 


EXPERIMENTAL 


Solutions.—Weighed amounts of germanium dioxide were added to 75 ml. of boiled-out 
distilled water (40 ml. with the experiments with resins of different water regains), the resulting 
suspension boiled, and the minimum quantity of sodium hydroxide added very slowly to effect 
solution. After cooling, the pH was adjusted to the required value by addition of alkali. No 
chloride was present in the solutions used except that added as resin chloride. To prepare the 
solution containing 870 mg.-atoms of germanium per I., finely-ground germanium dioxide (10 g.) 
was added to 100 ml. of distilled water. The suspension was heated to 100° for 2—3 hr. with 
slow addition of 3N-sodium hydroxide (10 ml.), whereupon an optically clear solution was 
obtained. The pH of the resulting solution was 5-8. 

Resins.—Amberlite I.R.A. 400 resin was used in most experiments; its water regain * in 
the chloride form was 0-82 g./g. of resin. The series of resins of different water regains were of 
the De-Acidite FF type. Their chloride capacities (in mequiv./g. of air-dried form) were 
respectively 3-91 for the resin of water regain (w.r.) 0-49, 3-12 for w.r. 0-60, 3-40 for w.r. 0-76, 
2-85 for w.r. 0-91, 2-17 for w.r. 1-04, and 3-60 for w.r. 2-33. 

Equilibrium Experimenits.—Solutions were equilibrated with resin (0-25 or 0-5 g. of chloride 
form) for 14 days with frequent shaking. With resins of low water regain longer was allowed. 
In experiments with Amberlite I.R.A. 400 the germanium and chloride sorbed by the resin 
were eluted with 0-5n-sodium hydroxide (100 ml.), then 0-5n-sulphuric acid. Germanium and 
chloride were determined in aliquot parts of the combined eluate by iodometric ** and gravi- 
metric procedures respectively. In the experiments with the resins of different water regain 
the germanium and chloride on the resin at equilibrium were determined indirectly by analysis 
of the solution phase. 


RESULTS AND DISCUSSION 


In Fig. 1 are shown R values for the germanate species sorbed on Amberlite I.R.A. 
400(Cl) at pH 9 from solutions of different germanium concentrations. This pH was 
chosen as it is approximately that at which the maximum germanium sorption by the resin 
occurs. The R values obtained increase with increasing germanium concentration, 
reaching a limiting value of 3-5 which can be accounted for by assuming that germanium 
is exclusively sorbed as the hepta-condensed species H,Ge,0,,2- from the more con- 
centrated germanate solutions. This ion is similar to the hepta-condensed ion postulated 
by Wittman and Nowotny ™ and by Shaw eé al.” The R values obtained previously at 
pH 9 from solutions containing 22-6 and 27-6 mg.-atoms of Ge/l., 7.e., 2-6 and 2-8 (inter- 
polated values), are in excellent agreement with the R values of 2-6 and 2-75 now 
obtained at corresponding germanium concentrations. 


17 Shaw, Corwin, and Edwards, J. Amer. Chem. Soc., 1958, 80, 1536. 
18 Carpeni, J. Chim. phys., 1948, 45, 130. 

® Braur and Renner, Z. anorg. Chem., 1955, 278, 108. 

2© Pepper, Hale, and Reichenberg, J., 1952, 3129. 

21 Everest, J., 1953, 4117. 
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The results in Fig. 1 might be interpreted as indicating sorption of a mixture of hepta- 
and mono-germanate ions by the resin, the proportion of the germanium sorbed as hepta- 
germanate increasing with increasing germanium concentration in solution. This interpret- 
ation implies that no pentagermanate ions occur in germanate solution, and that all work 
indicating the pentagermanate ion '**1% was only a measure of an apparent penta- 
condensation resulting from a fortuitous ratio of mono- to hepta-germanic acids. It is 
significant that the concentrations of germanium in the solutions used in these previous 
investigations were all close to that necessary for the sorption of a germanate of overall R 
2-5 by the-resin at pH 9 (cf. Fig. 1). However, as discussed below, the above interpretation 
is not thought to be correct and it is considered that the R values of below 3-5 are due to 
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the sorption of a mixture of hepta-, penta-, and possibly mono-germanate ions by the 
resin. 

In Fig. 2 are shown R values for the germanate species sorbed by resins of different 
water regains from a solution containing 132 mg.-atoms of germaniun per 1. at pH 9. With 
resins of water regain 0-60 g./g. and above the R values all approach 3-5, indicating that 
heptagermanate is the chief germanate species present on these resins at equilibrium. The 
curve for the actual quantity of germanium sorbed by the 0-60 g./g. resin (Fig. 3) closely 
follows the R value curve for the resin germanate. It appears that in approaching 
equilibrium less highly condensed germanate species are initially sorbed by the resin and 
that these species are subsequently replaced by heptagermanate. All previous work 
indicates that the concentration of monogermanate is “low in a germanate solution of 
pH 9, especially at the high germanium concentration used in these experiments; it is 
thus unlikely that monogermanate is the germanium species initially taken up by the 
exchanger. 

With the resin of water regain 0-49 g./g., R remains close to 2-5, even after prolonged 
contact times, indicating that pentagermanate was the chief germanate species sorbed. 
With this resin the pore size is too small to allow take up of heptagermanate but it is 
sufficiently large to allow sorption of pentagermanate, 7.¢., an ion-sieve effect occurs. This 
resin also differs in its behaviour from those of higher water regain in that the actual 
quantity of germanium sorbed by the exchanger slowly increases over a period of ca. 28 days 
whilst the R value of the resin germanate remains constant at 2-5 (Fig. 1). These results 
indicate both that the pentagermanate is only slowly taken up by the resin and also that 
no appreciable replacement of the species initially sorbed takes place as the system 
approaches equilibrium. 

At equilibrium the 0-49 g./g. resin has only ca. 40%, of its capacity occupied by sorbed 
germanium and only ca. 40% of the germanium initially present in solution is actually 
taken up by the resin. These two quantities are considerably greater in corresponding 
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experiments with more porous resins. This relatively low equilibrium uptake of german- 
ium could be due to the presence of only a small concentration of pentagermanate in 
solution, although it would be expected that the selective sorption of pentagermanate by 
this resin would result in the solution equilibria’s being displaced in favour of this ion with 
a resulting heavy uptake of pentagermanate by the resin. A more plausible explanation 
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is that pentagermanate is itself partially excluded by the resin owing to variations in the 
pore size of the latter, this effect being enhanced by the fact that the hepta- and penta- 
germanate ions cannot differ greatly in size. 

The 0-49 g./g. water regain resin was somewhat unstable to alkali. After two treat- 
ments with 2N-sodium hydroxide its water regain had risen to 0-55 and the resin was no 
longer excluding heptagermanate. It appears that when resins of known water regain are 
used as ion-sieves the water regain should be checked after each loading-elution cycle. 

It is suggested from both present and previous results that the following equilibria 
exist in germanate solutions: 


Monogermanate ==—=™ pentagermanate =——= heptagermanate 


these equilibria being shifted to the right by increasing the germanium concentration and 
to the left by increasing the pH above pH 9. The solutions investigated by Wittman and 
Nowotny !* and by Shaw ¢e¢ al.!” were relatively concentrated and would thus contain 
principally heptagermanate, but the more dilute solutions used by other workers would 
contain principally pentagermanate as the most highly condensed germanate species. It 
appears that in its condensations germanic acid shows many resemblances to boric ® and 
telluric acids.’ 
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In Fig. 4 are shown R values for germanate sorbed on Amberlite I.R.A. 400 from 
solutions containing 178-1 mg.-atoms of Ge/l. between pH 5-8 and 10. With these solutions 
not only is the H,Ge,0,,? ion the only germanate species sorbed by the resin below pH 9-7 
but, more significantly, only little change occurs in the actual quantities of germanium and 
chloride sorbed by the resin (3-05 and 0-10 at pH 9-75 and 2-96 and 0-145 at pH 6-5, g.- 
atoms of Ge and Cl per equiv. of resin respectively). This exclusive sorption of hepta- 
germanate and the constant germanium : chloride ratio on the resin is due to two factors. 
First, the high affinity of the heptagermanate ion for the resin (in absence of the ion-sieve 
effect) as compared with the resin affinity of the other ionic species present; this greater 
affinity of the heptagermanate is due to its high polarisability (the relation between the 
resin affinity and the polarisability of an ion is discussed elsewhere 2). Secondly, the 
high ratio of germanium in solution both to the total chloride in the system and to the 
amount of germanium sorbed by the resin (0-25 g. of chloride-form resin equilibrated with 
75 ml. of germanate solution). 

Experiments were also carried out on the sorption of germanium by a high water- 
regain resin (2-3 g./g.) from the most concentrated germanium solution it was possible to 
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produce (870 mg.-atoms of Ge/l.). At pH 5-8 equilibrium between the resin and the solution 
phase was only slowly attained, R for the sorbed germanate being 2-8 after 24 hr., rising 
to 3-42 after 21 days. This slow attainment of equilibrium is probably due to the presence 
of only a small equilibrium concentration of heptagermanate in solution, a slow displace- 
ment of the solution equilibria taking place in favour of heptagermanate as this ion is 
removed by the resin from the solution phase. 

At pH 8-1 equilibrium was rapidly attained, R reaching 3-5 after 24 hr. and remaining 
close to this value for 11 days. These results confirm that heptagermanate is the principal 
species present in concentrated germanate solutions at ca. pH 8—9. It was also found 
that after 21 days R had risen to 4:14. This result probably indicates that a more highly 
condensed species than heptagermanate occurs in trace quantities in concentrated 
germanate solutions, at least in the pH range 8—9. 


The authors thank the General Electric Co., Wembley, for a gift of germanium dioxide and 
Dr. J. E. Salmon for making available the resins of different water regains. 
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#2 Aveston, Everest, and Wells, J., 1958, 231; Everest, Napier, and Wells, Conference for the 
Peaceful Uses of Atomic Energy, Geneva, 1958, paper A/Conf. 15/P/101. 
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435. The Synthesis of Tetracyclines. Part I. Some Model 
Diene Reactions. 


By J. A. BARLTRop and M. L. BuRSTALL. 


Several naphthalene and anthracene derivatives containing angular 
acetoxy-groups have been prepared by reaction of butadiene and cyclo- 
pentadiene with 2-acetoxy-1:4-quinones, and their structures have been 
determined by chemical degradation and comparison of their spectra with 
those of known compounds. 


THE tetracyclines are a group of powerful broad-spectrum antibiotics active } against both 
Gram-positive and Gram-negative bacteria and based® on the common structure (lI). 
Our general synthetical study of this group began with an investigation of the stereo- 
chemically attractive * possibility of generating the cis-fused, angularly hydroxylated 
rings A and B by Diels—Alder reaction of a substituted diene with a 2-hydroxy-1 : 4-quinone. 
As only isolated examples of such reactions have been reported * we investigated first the 
reactions of simple dienes with 2 : 5-dihydroxybenzoquinone and 2-hydroxy-1 : 4-naphtha- 
quinone and their derivatives. 


Me OH 4 NMe2 


Hg H 2 
OAc OAc 


re) a rel AcO O AcO O 
(I) ‘ (il) (III) 






1e) 
= 





HO 


2 : 5-Dihydroxybenzoquinone, prepared by oxidising resorcinol with peracetic acid, 
decomposed on attempted reaction with butadiene, but its diacetate reacted smoothly in 
benzene at 120° to give cis-2: 10-diacetoxy-1 :4:5:8:9:10-hexahydro-1 : 4-dioxo- 
naphthalene (II) in 69% yield. The structure of this compound was indicated by the 
resemblance of its ultraviolet absorption spectrum to that of the well-known ® adduct of 
butadiene and 1 : 4-benzoquinone, and by its infrared spectrum, which showed the presence 
of ester carbonyl groups and a conjugated ketonic carbonyl group. This structure (II) 
was confirmed by conversion of the adduct into 2-hydroxy-1 : 4-naphthaquinone by aerial 
oxidation in hot alkaline solution. A similar 1 : 1 adduct (III) was formed by the reaction 
of 2 : 5-diacetoxybenzoquinone with cyclopentadiene. 

Prolonged reaction of butadiene with 2 : 5-diacetoxybenzoquinone or the adduct (II) 
gave almost quantitative yields of the cis-cis-11 : 13-diacetoxy-1 :4:5:8:11:12:13: 14 
octahydroanthraquinone (IVa or b). The insolubility of this compound in ethanol 
prevented complete mapping of its ultraviolet absorption spectrum, but the absence of 
any definite maximum at wavelengths greater than 2200 A supports the structure proposed 
(cf. the similar ultraviolet spectrum of 1:4:5:8:11:12: 13: 14-octahydroanthra- 
quinone). Further, the infrared absorption spectrum showed the presence of a ketonic 
group in a saturated environment. Aerial oxidation of the adduct in alkaline solution 
gave anthraquinone. It is of interest that when this diene reaction was carried out under 
forcing conditions in an attempt to accelerate it the only crystalline product, obtained in 
only 14% yield, was an unstable yellow compound C,,H,,0,. The resemblance of the 
physical properties of this compound to those of the unstable 5 : 8-dihydro-1 : 4-naphtha- 


1 Broschard, Science, 1949, 109, 199; Finlay, ibid., 1950, 111, 85. 

2 Woodward, et. al., J. Amer. Chem. Soc., 1953, 75, 5455; Booth, “ Antibiotics Annual,’’ Proc. 
Symposium on Antibiotics, 1953, p. 46; Woodward, et. al., J. Amer. Chem. Soc., 1954, 76, 3567. 

3 Alder and Stein, Angew. Chem., 1937, 50, 510. 

4 Butz and Butz, J. Org. Chem., 1942, 7, 198; 1943, 8, 497; Fieser and Seligman, Ber., 1935, 68, 
1748. 

5 Diels and Alder, Ber., 1929, 62, 2337. 
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quinones ® suggested that it is 1:4:5:8-tetrahydroanthraquinone (V); this view was 
confirmed by the presence in its infrared spectrum of a strong maximum at 6-10 p (cf. 
2: 3:5: 6-tetramethylbenzoquinone which absorbs’ at 6-10 » in Nujol) and by its oxidation 
to anthraquinone in alkaline solution. 

2-Hydroxy-1 : 4-naphthaquinone reacted sluggishly with butadiene in ethanol; the 
adduct (VI; R =H) could not be isolated but its formation was demonstrated by the 
isolation, in 35° yield, of anthraquinone on aerial oxidation of the reaction mixture in 
alkaline solution. 2-Methoxy-] : 4-naphthaquinone similarly added butadiene with some 
difficulty. 2-Acetoxy-1:4-naphthaquinone, however, reacted smoothly with both 
butadiene and cyclopentadiene to give the expected cis-fused acetates. The structure of 
the product (VI; R = Ac), formed in benzene at 100°, was shown by the resemblance of 
the ultraviolet absorption spectrum to that of 1 : 4: 11: 12-tetrahydroanthraquinone, by 
infrared bands showing the presence of ester and conjugated ketonic carbonyl groups, and 






4 Q Ae 4 Q OAc ° © OR ° 0) 
Aco oO 4 Aco OM Pel oH © OAc 
(IVa) Vb (V) (VI) (VIL) 


by aerial oxidation in alkaline solution to anthraquinone. However, in a reaction at 130° 
addition was accompanied by elimination, only 1 : 4-dihydroanthraquinone being isolated. 
A similar adduct (VII) was obtained by the reaction of 2-acetoxy-1 : 4-naphthaquinone with 
cyclopentadiene. Both the adducts (VI; R = Ac) and (VII) were comparatively stable 
to heat and sublimed in vacuo without change. 

The stereochemistry of the adducts described in this paper has been assigned on the 
known stereochemical selectivity of the Diels-Alder reaction as codified in the Alder- 
Stein rules.* The thermal stability of the adducts, which are derivatives of 6-hydroxy- 
ketones, supports the postulated cis-ring-fusion since ¢vans-dehydration at the ring junction 
is impossible. The instability of the adducts to alkali is explained on the assumption that 
the reagent, by catalysing a reversible enolisation, converts the adducts into trans-fused 
systems which can readily undergo an E, elimination. 


EXPERIMENTAL 

M. p.s are corrected. Ultraviolet absorption spectra were obtained with ethanol solutions. 
Infrared absorption spectra were determined for paraffin pastes. 

2 : 5-Dihydroxybenzoquinone (with B. N. CHuKWUDEBE).—Resorcinol (10 g.) in acetic acid 
(30 c.c.) was added slowly, with shaking and cooling, to 11% peracetic acid (200c.c.). The dark 
red solution was kept overnight. The red-brown precipitate was collected, dried, and recrystal- 
lised from acetic acid, giving orange needles of 2 : 5-dihydroxybenzoquinone (8-7 g., 69%), m. p. 
210—215° (decomp.) (Found: C, 51-7; H, 3-1. Calc. for CgH,O,: C, 51-4; H, 29%). The 
diacetate was prepared by treating the quinone (5 g.) in acetic anhydride (15 c.c.) with 10% 
perchloric acid (0-5 c.c.). The mixture became yellow and heat was evolved. On cooling, 
lemon-yellow needles of 2 : 5-diacetoxybenzoquinone (5-2 g., 65%), m. p. 151—152°, separated 
(Found: C, 53-5; H,3-6. Calc. for C,gH,O,: C, 53-6; H, 3°5%), Amax. 2600 A (log ¢ 3-9), v 5°65 
(ester) and 6-0 » (quinone). 

cis-2 : 10-Diacetoxy-1:4:5:8:9: 10-hexahydro-1 : 4-dioxonaphthalene (I1).—2 : 5-Diacetoxy- 
benzoquinone (25 g.), butadiene (10 c.c.), and benzene (50 c.c.) were heated in a sealed tube at 
110° for 72 hr. The pale yellow solution obtained was evaporated to dryness, the residual gum 
was triturated with a little ether, and the buff solid formed was recrystallised from ether, yield- 
ing almost colourless rhombs of the adduct (II) (2-15 g., 69%), m. p. 120—121° (Found: C, 60-1; 
H, 5-2. C,,H,,O, requires C, 60-4; H, 5-0%), Amax 240, 295 my (log ¢ 3-9, 3-05 respectively), 
v 5-65, 5-75 (ester) and 5-9 » (unsaturated ketone). 

* Fieser, J. Amer. Chem. Soc., 1948, 70, 3165. 

7 Yates, Ardao, and Fieser, J. Amer. Chem. Soc., 1956, 78, 650, 
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For comparison, cis-1:4:5:8:9: 10-hexahydro-1 : 4-dioxonaphthalene was prepared by 
the method of Diels and Alder; ® it had Aggy 220, 270 my (log e 4-1, 2-7 respectively), v 5-95 p. 

Oxidation of the Adduct (II) to 2-Hydroxy-1 : 4-naphthaquinone.—The adduct (II) (1-5 g.), 
sodium ethoxide (1-8 g.) and methanol (10 c.c.) were heated under reflux for 4 hr., then cooled 
to 0°. The scarlet precipitate formed was collected, washed with a little cold methanol, dried, 
and dissolved in boiling water (15 c.c.). The filtered solution was acidified: the yellow 
precipitate was collected, dried, and sublimed in vacuo, yielding yellow needles of 2-hydroxy- 
1: 4-naphthaquinone (0-39 g., 41%), m. p. 190—191° (decomp.) (Found: C, 68-6; H, 3-4. 
Calc. for C,gH,O;: C, 69-0; H,3-5%). The infrared spectrum of the product was identical with 
that of authentic 2-hydroxy-1 : 4-naphthaquinone. 

cis-2 : 10-Diacetoxy-1:4:5:8:9: 10-hexahydro-5 : 8-endomethylene-1 : 4-dioxonaphthalene 
(III).—2 : 5-Diacetoxybenzoquinone (1-0 g.), freshly prepared cyclopentadiene (2 c.c.), and 
benzene (30 c.c.) were heated in a sealed tube at 130° for 7 hr. The pale yellow solution was 
evaporated to dryness and the residue was triturated with ether until a solid formed. The 
latter, recrystallised from tetrahydrofuran, yielded the adduct (III) (0-89 g., 68%) as rhombs, 
m. p. 112—113° (Found: C, 62-0; H, 4-9. C,;H,,O, requires C, 62-1; H, 48%), v 5-70, 5-80, 
and 5-95 u. 

cis : cis-11 : 13- Diacetoxy-1:4:5:8:11:12: 13: 14-octahydroanthraquinone.—The adduct 
(II) (0-5 g.), butadiene (5 c.c.), and benzene (25 c.c.) were heated in a sealed tube at 120° for 
275 hr. The colourless solution obtained was evaporated to dryness and the residue was 
triturated with ether: a solid formed was recrystallised from ethyl acetate, yielding cis-cis- 
11 : 13-diacetoxy-1:4:5:8:11:12:13: 14-octahydroanthraquinone (IV) (0-6 g., 100%) as 
rhombs, m. p. 211° (decomp.) (Found: C, 65-3; H, 6-1. C,,H. O, requires C, 65-1; H, 6-0%), 
v 5-75 and 5-8. The ultraviolet spectrum showed no maximum beyond 2200 A. The same 
product was formed by the reaction of 2 : 5-diacetoxybenzoquinone with butadiene under the 
same conditions. . 

cis : cis-1:4:5:8:11: 12:13: 14-Octahydroanthraquinone was prepared by the method of 
Diels and Alder.5 Its ultraviolet spectrum showed no maximum beyond 2200 A. Its infrared 
spectrum showed a maximum at 5-8 up. 

Oxidation of the Adduct (IV) to Anthraquinone.—The adduct (0-1 g.), potassium hydroxide 
(1-0 g.), and methanol (5 c.c.) were heated under reflux for 16 hr., then diluted with water 
(10 c.c.), and the pale yellow precipitate was collected, dried, and sublimed in vacuo, yielding 
anthraquinone (0-02 g., 32%), m. p. 285° (Found: C, 81-1; H, 4-1. Calc. for C,,H,O,: C, 
80-7; H, 3-8%). 

1:4: 5: 8-Tetrvahydroanthraquinone—The adduct (II) (0-5 g.), butadiene (3 c.c.), and 
benzene (10 c.c.) were heated at 170° for 40 hr. Cooling the almost colourless solution 
precipitated a yellow solid which recrystallised from ethanol, yielding 1: 4: 5: 8-tetrahydro- 
anthraquinone (V) (0-068 g., 14%) as yellow needles, m. p. 210—211° (decomp.), darkening 
rapidly in light (Found: C, 78-8; H, 5-6. C,,H,,O, requires C, 79-2; H, 5-7%),v6-10u. The 
mother-liquors, on treatment with hot alkali as in the previous experiment, gave anthraquinone 
(0-15 g., 33%), identified by means of its infrared spectrum. 

The anthraquinone (V) (0-058 g.), potassium hydroxide (0-5 g.), and methanol (5 g.) were 
heated under reflux for 2 hr., then cooled. The precipitate was collected and worked up as 
before, yielding anthraquinone (0-058 g., 100%), m. p. 277—-278° (Found: C, 80-6; H, 3-9%). 

Reactions of 2-Hydvoxy- and 2-Methoxy-1 : 4-naphthaquinones with Butadiene.—2-Hydroxy- 
1 : 4-naphthaquinone (0-5 g.), butadiene (2 c.c.), and ethanol (30 c.c.) were heated at 135—140° 
for 65 hr. The deep orange solution, when evaporated, gave an intractable gum which was 
heated under reflux with potassium hydroxide (3 g.) and ethanol for 4. hr. The dark solution 
was then acidified, and the precipitate was collected, dried and sublimed in vacuo, giving pale 
yellow needles of anthraquinone (0-21 g., 35%), m. p. 278—-280° (Found: C, 80-3; H, 3-9%). 
The infrared spectrum of the product was identical with that of authentic anthraquinone. 

The reaction of 2-methoxy-1 : 4-naphthaquinone (0-5 g.), butadiene (2 c.c.), and benzene 
(20 c.c.) under the same conditions also gave anthraquinone (0-22 g., 33%). 

11-Acetoxy-1 : 4: 11: 12-tetrahydroanthraquinone.—2-Acetoxy-1 : 4-naphthaquinone (0-5 g.), 
butadiene (5 c.c.), and benzene (15 c.c.) were heated at 100° for 150 hr., then evaporated to 
dryness. The residual gum was triturated with ethanol (5 c.c.). After several hours, rosettes 
of buff needles were collected, dried, and sublimed in vacuo, yielding 1l-acetoxy-1: 4:11: 12- 
tetrahydroanthraquinone (VI; R = Ac) (0-52 g., 83%), needles, m. p. 146—147° (Found: C, 
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71-0; H, 5-3. C,gH,,O, requires C, 71-1; H, 5-2%), v 5-75 and 5-9 p, Amox 2245, 3060 A (log « 
4-5, 3-3 respectively). 

The adduct (0-25 g.), sodium methoxide (1-0 g.), and methanol (10 c.c.) were heated under 
reflux for 12 hr. A buff solid separated later at 0°; this was collected and worked up as in previous 
experiments, giving anthraquinone (0-06 g., 33%), m. p. 275—277° (Found: C, 80-4; H, 40%). 

1 : 4-Dihydroanthraquinone.—2-Acetoxy-1 : 4-naphthaquinone (0-5 g.), butadiene (5 c.c.), 
and benzene (20 c.c.) were heated at 130° for 150 hr., then evaporated to dryness. The semi- 
crystalline residue, recrystallised from light petroleum-benzene, yielded 1 : 4-dihydroanthra- 
quinone (10-24 g., 32%), yellow needles darkening in air, m. p. 215—217° (decomp.) (Diels and 
Alder 5 give m. p. 209—210°) (Found: C, 80-0; H, 4-8. Calc. for C,,H,,O,: C, 80-1; H, 4-9%). 
Treatment with alkali as in previous experiments gave anthraquinone. 

1: 4:11: 12-Tetrahydroanthraquinone, prepared by the method of Diels and Alder,’ had 
v 5-9, Amax. 2250, 3000 A (log ¢ 4-4, 3-2 respectively). 

11 - Acetoxy-1:4:11: 12-tetrahydro-1 : 4-endomethyleneanthraquinone.—2 - Acetoxy - 1: 4- 
naphthaquinone (0-5 g.), freshly prepared cyclopentadiene (2 c.c.), and benzene (5 c.c.) were 
heated at 130° for 74 hr. The colourless solution, when cooled, deposited a solid which was 
collected and recrystallised from benzene, yielding 1l-acetoxy-1: 4:11: 12-tetrahydro-1 : 4- 
endomethyleneanthraquinone (VII) (0-33 g.) as rhombs, m. p. 197—199° (Found: C, 72-7; H, 5-1. 
C,,H,,O, requires C, 72-4; H, 5-0%), v 5-8, 5-95 2, Amax. 2300, 3000 A (log ¢ 4-2, 3-15 respectively). 
Evaporation of the mother-liquor to dryness and treatment of the residual gum with benzene 
gave another 0-08 g. of the adduct (total yield 63%). The adduct distilled unchanged at 
atmospheric pressure. 


One of us (M. L. B.) thanks the Principal and Fellows of Brasenose College for the award of 
a Senior Hulme Scholarship. 


Tue Dyson PERRINS LABORATORY, 
SoutH ParKs Roap, OxForD. [Received, January 30th, 1959.) 





436. Alicyclic Diketones and Diols. Part II.* The Dehydration 
of cis- and trans-2 : 2:5: 5-Tetramethylcyclohexane-| : 3-diol. 


By A. W. ALLAN, R. P. A. SNEEDEN, and (in part) J. M. WILson. 


Dehydration of cis- and trans-2 : 2: 5: 5-tetramethylcyclohexane-1 : 3-diol 
with potassium hydrogen sulphate has been shown to give 1: 1-dimethy]l- 
3-isopropylidenecyclopent-2-ene, 2: 3: 5: 5-tetramethylcyclohexanone, and 
2: 2:5: 5-tetramethylcyclohex-3-enol. Syntheses of 1: 1-dimethyl-3-iso- 
propylcyclopentane, 2:3: 5: 5-tetramethylcyclohex-2-enone, and 2: 2:5: 5- 
tetramethylcyclohexanol are described. The formation of the dehydration 
products is discussed with reference to the conformations of the diols. 


THis work was undertaken in order to establish whether a suitably substituted cyclic 
1: 3-diol (1) might,) by analogy with acyclic compounds,? undergo dehydration to the 
unsaturated open-chain aldehyde, thus: 


H+ H 
HO eo 
Me, Me, “cme, 
Me OH Me -) a CHO 
2 jm 2 OH 2 


The preparation of pure cis- and trans-2 : 2 : 5 : 5-tetramethylcyclohexane-1 : 3-diol (I) 
has already been described,’ and dehydration of either of these compounds with potassium 
* Part I, J., 1958, 557. 


Cf. English, Russel, and Brutcher, J. Amer. Chem. Soc., 1950, 72, 1653. 
? English and Brutcher, ibid., 1952, 74, 4280. 
* Allan, Sneeden, and (in part) Colvin, J., 1958, 557. 
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hydrogen sulphate gave an oil and water. In both cases the infrared spectrum indicated 
that the oil consisted of a mixture of an unsaturated hydrocarbon, a carbonyl compound, 
and an alcohol. Attempted separations based on the preferential removal of the carbonyl 
compound were unsatisfactory. Chromatography of the reaction product, with tso- 
pentane as the initial solvent, effected separation into a hydrocarbon, a ketone, and an 
alcohol. A comparison of the infrared spectra and the retention times on vapour-phase 
chromatography showed that identical hydrocarbons, ketones, and alcohols were obtained 
from both diols. The percentages by weight present in the oil were: 


trans-Diol cis-Diol 
SINE, OR ORRTIOND, vinsennccccsssassecscvensoctcsacscse 53 88 
EOGOMD « cccccccccccceccooscccvcacessccscssscscscssscoseoces 30 r 12 
BEE scsechdceniscianivnninieiddoamuaaniententioud 17 5 i 


The hydrocarbon C,,H,, was rapidly oxidised in air and was shown to contain two 
double bonds by catalytic reduction to the saturated hydrocarbon C,yHy»5. It was thus a 
cycloalkadiene. It did not give a crystalline adduct with maleic anhydride, but the ultra- 
violet spectrum (Amax. 243 my; ¢ 12,500) indicated the presence of a conjugated diene system 
with only one double bond ina ring. Further, its infrared spectrum (see p. 2189) and the 
isolation of acetone (as 2 : 4-dinitrophenylhydrazone) after ozonolysis indicated structure 
(II). This was confirmed when it was shown that the derived saturated hydrocarbon was 
identical with 1 : 1-dimethyl-3-isopropylcyclopentane (III) prepared by the annexed route. 

The structure of fencholamide (Va), the product obtained by the action of sodamide 
on fenchone,* has been rigorously established. Semmler* converted it into the 
aldehyde (VII) by the route (Va, b,c), (VI), and (VII). Inthe present work many improve- 
ments were made on this synthesis. Thus the amide, which resists normal hydrolysis, 
was converted smoothly and rapidly into the acid by nitrous acid; ® lithium aluminium 
hydride reduced the acid to the alcohol in excellent yield. Attempts to convert the 
alcohol into the hydrocarbon (III) by reduction of the toluene-f-sulphonate with lithium 
aluminium hydride’ or by conversion into the chloro-compound and subsequent reduc- 
tion,® led to products contaminated with unsaturated material However, chromic acid 
oxidised the alcohol, giving the aldehyde and, since the latter underwent rapid oxidation 
in air, it was isolated as its semicarbazone. This was reduced to pure 1 : 1-dimethyl-3- 
isopropylcyclopentane (III) by the Wolff—Kischner method. The identity of this substance 


Me {>< Me 4 S< <_— Me 
M eo) 
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R-OC HO-H, 
(V) a:R = NH, (V1) 
b:R =OH 


(IV) c:R = O€t 


and the hydrocarbon C,,H,. was established by a comparison of their infrared spectra 
and their refractive indices, and they showed identical “‘ cracking-patterns ”’ in the mass 
spectrometer.* 


* Specimens of hydrocarbon obtained by Huang-Minlon reduction of the aldehyde gave infrared 
spectra which were almost identical with that of the hydrocarbon C,,H,», but their “‘ cracking-patterns ” 
in the mass spectrometer indicated substantial quantities of impurities. 


Semmler, Ber., 1906, 39, 2578. 

Bouveault and Levallois, Bull. Soc. chim. France, 1910, 7, 683, 736, 807. 
Cf. Carter and Slater, J., 1946, 130. 

Cf. Birch and Dean, J., 1953, 2477. 

Cf. Komppa and Klami, Ber., 1935, 68, 2001. 


ow aw 











2188 Allan, Sneeden, and Wilson: 


The ketone C,,)H,,O, purified through its oxime, showed no selective ultraviolet absorp- 
tion, but the ultraviolet spectrum of its 2 : 4-dinitrophenylhydrazone (see p. 2190) indicated ® 
that it was probably a substituted cyclohexanone, and this was confirmed by the infrared 
spectrum of the ketone (vmax. 1705 cm.-}, six-membered ring ketone). The most probable 
structure for the ketone is therefore 2:3: 5: 5-tetramethylcyclohexanone (VIII). The ketone 
was converted into the corresponding «8-unsaturated ketone by bromination and subsequent 
dehydrobromination with 2 : 4-dinitrophenylhydrazine in acetic acid.” The 2: 4-dinitro- 
phenylhydrazone obtained in this way was identical with that of synthetic 2 : 3 : 5: 5-tetra- 
methyleyclohex-2-enone (IX). Since it can be assumed that the above reactions proceed 
without rearrangement, the structure of the ketone C,)H,,O is thereby established as 


(VIII). 


(VIN) aX) x) 


2: 3:5: 5-Tetramethylcyclohex-2-enone (IX) was prepared by the action of methyl- 
magnesium iodide on the methyl enol ether (X) and treatment of the product with acid. 
The pure ketone prepared in this way showed max, 244 my (e 15,200) whereas Conia 4 
records max. 247 my (e 9600) for the same substance prepared by the methylation of iso- 
phorone. A direct comparison of the 2: 4-dinitrophenylhydrazones of our ketone with 
that prepared from Conia’s ketone indicated that the two derivatives were identical. 

The alcohol fraction gave, on chromatography, a crude crystalline alcohol whose infra- 
red spectrum indicated the presence of a hydroxyl group and a cis-double bond. The 
unsaturated alcohol was purified as its hydrogen phthalate, and owing to the small 
quantities available this was reduced catalytically. The only catalyst to effect reduction 
was platinum oxide, with the result that the uptake was far in excess of 1 mol. (presumably 
owing to concomitant hydrogenation in the phthaloyl residue). Hydrolysis of the 
reduction product furnished a crystalline saturated alcohol C,)H,,O (purified through its 
hydrogen phthalate) identical with a synthetic specimen of 2: 2: 5: 5-tetramethyleyclo- 
hexanol (XI). It follows that the unsaturated alcohol must be 2: 2:5: 5-tetramethyl- 
eyclohex-3-enol (XII). 

3 : 3-Dimethylcyclohexanone (XIII), prepared by a new method, was methylated with 
methyl iodide in the presence of sodamide, the crude product being purified as its semi- 
carbazone. The ketone (XIV) on reduction with lithium aluminium hydride gave the 
tetramethylcyclohexanol (XI). It is assumed that the methylation occurs at position 2 
since treatment of dihydroisophorone with isopentyl formate in the presence of base gives 
the 2-hydroxymethylene compound as sole product.!”_ Further, the original diol (I) could 
not give rise to a cyclohexyl compound with a substituent in the 6-position. 

With the structure of the dehydration products established it is of interest to consider 
their formation in terms of the conformations of the original diols. The trans-diol can only 
have the conformation (XV), or its mirror image, whilst the cis-diol can have either the 
conformation (XVI) (both hydroxyl groups equatorial) or (XVII) (both hydroxyl groups 
axial). The infrared spectrum of the cis-diol, in carbon tetrachloride solution, showed only 
one band in the hydroxyl region (vmx, 3635 cm.!); the ¢rans-diol had vmx. 3637 cm.*. 
It follows that the cis-diol, in contrast to cis-cyclohexane-1 : 3-diol,!* is free from internal 
hydrogen bonding, and that the preferred conformation is the diequatorial (XVI). This 

* Cf. Braude and Jones, J., 1945, 498. 

10 Cf. Mattox and Kendal, J. Amer. Chem. Soc., 1948, 70, 882. 

11 Conia, Bull. Soc. chim. France, 1954, 690 


12 Ruzicka, Shinz, and Seidel, Helv. Chim. Acta, 1940, 23, 935. 
13 Kuhn, J. Amer. Chem. Soc., 1952, 74, 2492. 
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is probably due to the fact that in the diaxial form (XVII) the “1 : 3-interaction’’ of the 
hydroxyl groups and the axial 5-methyl group renders this form less stable than the 
diequatorial one. The formation of the rearranged product (II) can readily be explained, 


M M Me 
e2 e2 ° 2 ° 
Oo” On (J 
Me, Me, Me, Me, 
(XI) (X11) (XIII) (XIV) 
H 
Xx 
4 7 * + - ‘ Ms Lx 
X = Me) 
HO x HO x HO x OH x ( 
x “OH x “OH X ww = on 
(XV) (XVa) (XVI) (XVI) 


since in both diols the steric arrangements are propitious for dehydration accompanied by 
ring contraction.4 That the ¢rans-diol yields substantial quantities of the ketone (VITI) 
and the alcohol (XII), can be related to the fact that in this compound there must be two 
other “‘ four-body planar systems ” (XV) and (XVa), not normally present in the czs-diol 
(XVI). Dehydrations involving the axial hydroxyl group would lead by scheme (a) to 
the ketone, and by scheme (b) to the alcohol. — 

H 


Me 
es | OH 


Me mM Me M 
e e 
a. OH 
HO Me ¢ ZH HO Met ZH Me, 
6) » —F Me, _ 
H (a 


) (VIII) (b) (XII) 


Similarly the formation of small quantities of the ketone (VIII) and the alcohol (XII) 
on dehydration of the cis-diol can be regarded as arising from reactions involving the diol 
in the less stable diaxial conformation (XVII). It is of interest that no product indicative 
of ring fission was detected. Since completion of this work, Brutcher and Cenci?® have 
reported that the dehydration of cis- and trans-cyclohexane-1 : 3-diol with potassium 
hydrogen sulphate gives a mixture of cyclohexane derivatives and no open-chain compound. 


EXPERIMENTAL 


The rotations and ultraviolet absorption spectra were taken for ethanol solutions, and all 
the m. p.s are corrected. The intensities of the infrared absorption bands are indicated 
qualitatively by the symbols s (strong), m (medium), and w (weak). 

Dehydration of cis- and trans-2 : 2: 5 : 5-Tetramethylcyclohexane-1 : 3-diol.—General method. 
The crushed diol (4 g.), mixed with freshly fused potassium hydrogen sulphate (8 g.) and 
kieselguhr (2 g.), was packed in a combustion tube and covered with a mixture of freshly 
fused potassium hydrogen sulphate (4 g.) and kieselguhr (1 g.). The tube, in a horizontal 
position, was connected to a receiver (cooled in acetone—carbon dioxide), and the apparatus was 
evacuated at the water-pump. The end of the tube containing the reaction mixture was heated 
at 170—190° for 5hr. The receiver was then disconnected and the product purified. 

trans-Diol. The dried product (3-2 g.) in isopentane was chromatographed on alumina. 
Elution with isopentane gave 1 : 1-dimethyl-3-isopropylidenecyclopent-2-ene (II) (1-70 g.), b. p. 
28—30°/1-7 mm., ,,”° 1-4730 (Found: C, 87-9; H, 12-0. C,)H,, requires C, 88-2; H, 11-8%), Amax. 
243 (c 12,500), vmax (thin film) 1620, 1600 (w, diene system), 1370, 1360 (s, -CMe,), 816 (s, C=C), 
and 768 cm."! (s, cis -CH=CH-). Elution with ether gave 2: 3: 5: 5-tetramethylcyclohexanone 


14 Barton, J., 1953, 1027 and references cited therein. 
15 Brutcher and Cenci, Diss. Abs., 1958, 18, 393. 
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(VIII), purified as its oxime, prisms [from light petroleum (b. p. 60—80°)] (1-07 g.), m. p. 136— 
137° (Found: C, 71-0; H, 11-15; N, 8-2. C,9H,,ON requires C, 71-0; H, 11-3; N, 83%). 
The latter on hydrolysis with dilute hydrochloric acid gave the ketone (0-87 g.), b. p. 52— 
54°/1-5 mm., m,"" 1-4510 (Found: C, 77-6; H, 11-5. C,gH,,O requires C, 77-9; H, 11-8%). 
The 2: 4-dinitrophenylhydrazone crystallised from ethanol as red prisms, m. p. 132—134° 
(Found: C, 57-4; H, 6-5; N, 16-7. C,.H,.O,N, requires C, 57-5; H, 6-6; N, 16-8%), Amax 229 
(ec 18,700), 265 (ce 10,500), and 361 my (ce 23,200). Elution with ether—methanol gave an oil from 
which the unsaturated alcohol (XII) was isolated. 

cis-Diol. Chromatography of the dried product (2 g.) gave the diene (II) (1-8 g.) and the 
ketone (VIII), with infrared spectra identical with those of the compounds obtained from the 
trans-diol. There was also obtained a third fraction from which the alcohol (XII) was isolated. 

Hydrogenation of the Diene C,,H,,.—The diene (II) (0-88 g.) in acetic acid solution over 
Adams catalyst (100 mg.) absorbed 312 c.c. of hydrogen (2 mol.). Neutralisation with sodium 
hydroxide solution, followed by distillation of the dried hydrocarbon layer, gave 1 : 1-dimethyl- 
3-isopropylcyclopentane, b. p. 148—149°, n,,*° 1-4267 (Found: C, 85-2; H, 14-6. C,9H49 requires 
C, 85-6; H, 14-4%). 

Ozonolysis of the Diene C,,H,,.—The diene (II) (1-0 g.) in pure anhydrous ethyl acetate 
(17 c.c.), at —75°, was subjected to a stream of ozone. When all had reacted (4} hr.), 
as indicated by the tetranitromethane test, the solution was evaporated at 2 mm., water (10 c.c.) 
was added, and the whole heated under reflux for 2 hr. before distillation. After neutralisation 
of the distillate with sodium hydroxide solution, the neutral products and water were co-distilled 
directly into a solution of 2: 4-dinitrophenylhydrazine (2 g.) in ethanol (50 c.c.) containing 
concentrated sulphuric acid (20 c.c.). The crude 2: 4-dinitrophenylhydrazone (1-72 g.), m. p. 
94—-95°, was chromatographed on a column of bentonite (120 g.) and kieselguhr (30 g.) to give, 
by elution with chloroform, an unidentified 2 : 4-dinitrophenylhydrazone (0-345 g.), m. p. 162— 
165°, as red prisms (from ethanol), and by elution with chloroform—methanol (10: 1) acetone 
2: 4-dinitrophenylhydrazone (0-722 g.) as yellow needles (from ethanol), m. p. and mixed 
124—125°. 

(+)-Fencholamide (Va).—(+)-Fencholamide was prepared by the action of freshly prepared 
sodamide [(from sodium (14 g.)] on fenchone (100 g.), [aJ,,%* +69-0° (c 1-45), by Semmler’s 
method. The pure amide (125 g.) crystallised from methanol as plates, m. p. 100—101°, 
[a],** +1-4° (c 2-09). For this substance von Braun and Jacobs * record m. p. 116°, and state 
“‘ the amide is optically inactive; ’’ Wallach }? records m. p. 94° and “‘ a low positive rotation; ”’ 
Semmler ‘ reports m. p. 94° and makes no mention of the rotation. 

(+)-Fencholic Acid.—A saturated solution of sodium nitrite (70 g.) in .water [final total 
volume (150 c.c.)] was added with stirring to a cooled solution of (+-)-fencholamide (125 g.) in 
concentrated sulphuric acid (600 c.c.). The reactants were warmed on the water-bath until 
evolution of nitrogen ceased. Water was added to the cooled solution, and the products were 
extracted with ether. The acid which was isolated by extraction with sodium hydroxide 
solution, acidification, and extraction with ether gave on distillation (+)-fencholic acid (60 g.), 
b. p. 116—118°/0-5 mm., m,*1 1-4558, [a],,?® +3-97° (c 7-6) (lit.,7 b. p. 151—152°/17 mm., ,*° 
1-4563, [a],, +4-17°). 

(+-)-Dthydrofenchyl Alcohol (V1).—(+)-Fencholic acid (54 g.) in dry ether (500 c.c.) was 
added slowly to a suspension of lithium aluminium hydride (29 g.) in dry ether (600 c.c.), and 
the whole heated under reflux for 2 hr. The product isolated in the usual manner gave, on 
fractionation, the alcohol (VI), b. p. 84°/0-5 mm., m,,!* 1-4560, [aJ,,2° + 12-25° (c 4-65) (Found: 
C, 77-1; H, 12-9. Calc. for CygH,O: C, 76-9; H, 12-9%) (lit.,4 b. p. 100°/11 mm., », 1-4566). 

(+)-Dihydrofencholaldehyde (V11).—(+)-Dihydrofenchy]l alcohol (5 g.) in benzene (50 c.c.) 
was added to potassium dichromate (5 g.) in water (55 c.c.) containing concentrated sulphuric 
acid (6 g.) and shaken vigorously for 4 hr. under carbon dioxide. Fractional distillation of the 
washed and dried (MgSO,) organic layer gave the aldehyde (VII) (2-65 g.), b. p. 50—54°/0-5 mm., 
n,™* 1-4460 (lit. b. p. 80—85°/10 mm., m, 1-445). The semicarbazone was obtained from 
benzene as needles, m. p. 152—153° (Found: C, 62-2; H, 10-1. Calc. for C,,H,,ON,: C, 62-5; 
H, i0-0%) (lit.,4 m. p. 144—145°). The 2: 4-dinitrophenylhydrazone crystallised from ethanol 
as red prisms, m. p. 123—124° (Found: C, 57-6; H, 6-7; N, 16-5. C,,H,.O,N, requires C, 57-5; 
H, 6-6; N, 16-8%). 

16 yon Braun and Jacobs, Ber., 1933, 66, 1461. 

17 Wallach, Ann., 1910, 369, 63. 
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(+)-1: 1-Dimethyl-3-isopropylcyclopeniane (III).—The semicarbazone (3-36 g.) of the 
aldehyde (VII) was heated slowly with potassium hydroxide (7-5 g.) until nitrogen was evolved 
(200°). This temperature was maintained until all the hydrocarbon had distilled (1 hr.). 
Distillation of the product, after it had been washed with dilute sulphuric acid and dried, gave 
the hydrocarbon (III), b. p. 148—149°, n,,*4 1-4240, [a],,2® +2-94° (c 1-46). The infrared spectra 
of this and the hydrocarbon C,,)H,,) were superposable. 

Bromination and Dehydrobromination of the Ketone (V111).—The ketone (0-320 g.) in acetic 
acid (10 c.c.) was treated slowly with bromine (1 mol.) in acetic acid. The colourless solution 
was treated with 2 : 4-dinitrophenylhydrazine (0-388 g.) also in acetic acid, and the reactants 
were warmed on the steam-bath for 5 min. The product, m. p. 173—174°, obtained by precipit- 
ation with water, gave on recrystallisation from ethanol 2: 3: 5 : 5-tetramethylcyclohex-2-enone 
2 : 4-dinitrophenylhydrazone (0-14 g.) as red plates, m. p. 175—177°, alone or admixed with a 
specimen prepared as below (Found: C, 57-8; H, 6-1; N, 16-7. C,,H,9O,N, requires C, 57-8; 
H, 6-1; N, 16-9%). 

3-Methoxy-2 : 5 : 5-trimethylcyclohex-2-enone (X).—This ether, obtained by the action * 
of excess of diazomethane on 2: 5: 5-trimethylcyclohexane-1 : 3-dione, crystallised from light 
petroleum (b. p. 60—80°) as prisms, m. p. 55—58° (Found: C, 71-25; H, 9-8. C,9H,,O, requires 
C, 71-4; H, 9-6%). 

2:3: 5: 5-Tetramethylcyclohex-2-enone (IX).—The enol ether (X) (3-2 g.) in dry ether 
(10 c.c.) was added slowly to a freshly prepared solution of methylmagnesium iodide [from 
magnesium (1-86 g.)] in dry ether (15 c.c.) and heated under reflux for 6 hr. (experiments at 0° 
and at room temperature were not successful). Fractional distillation of the product, isolated 
in the usual manner, gave the ketone (IX) (1-5 g.), b. p. 65—67°/18 mm., ,,!* 1-4830 (Found: 
C, 79-0; H, 10-6. Calc. for C,gH,,O: C, 78-9; H, 10-6%), Amax 244 mp (e 15,200) [lit.,™* 
b. p. 90°/8 mm., 7," 1-4798, Amex 247 my (c 9600)]. The 2: 4-dinitrophenylhydrazone crystal- 
lised from ethanol as red plates, m. p. 175—177°, alone or mixed with either the derivative 
prepared as above or with the derivative of Conia’s ketone; ™ the infrared spectra of the three 
specimens were superposable. ] 

Isolation of the Third Dehydration Product.—Several combined third fractions (1-63 g.) (see 
above, purification of the dehydration product) were chromatographed on alumina to give: 
(i) by elution with light petroleum (b. p. 40—60°) a mixture (0-17 g.) of ketone (VIII) and an 
alcohol; (ii) by elution with light petroleum (b. p. 40—60°)-ether (5:1) a crystalline alcohol 
(0-51 g.); and (iii) by elution with ether—-methanol a mixture (0-73 g.) of the alcohol and un- 
changed diol (identified by its infrared spectrum). The infrared spectrum of the alcohol of 
m. p. 44—45°, v,,x 3240 (s, OH), 1710 (w, C=O in 6-membered rings), and 768 cm. (s, cis 
—CH=CH-), indicated that it was unsaturated and contained a trace of ketone. The hydrogen 
phthalate of (XII) crystallised from acetic acid as prisms, m. p. 153-5—154-5° (Found: C, 71-5; 
H, 6-85. C,,H,.O, requires C, 71-5; H, 7-°3%). This derivative (0-93 g.) was hydrogenated in 
ethanol solution over Adams catalyst (0-1 g.), the hydrogenation being stopped after absorption 
of 3-6 mols. of hydrogen. Water (3 c.c.) and potassium hydroxide (3 g.) were added to the 
filtered solution and the whole was heated under reflux for 3 hr. The product, isolated with the 
aid of ether, was converted into its hydrogen phthalate, which on recrystallisation from aqueous 
acetic acid gave the 2: 2: 5: 5-tetramethylcyclohexyl hydrogen phthalate (cf. XI) as prisms, m. p. 
168-5—170-5° (Found: C, 71-4; H, 81. C,,H,,O, requires C, 71-0; H, 7-95%). This 
derivative with aqueous potassium hydroxide (10 c.c. of 10%) and subsequent sublimation of 
the product gave 2:2: 5: 5-tetramethylcyclohexanol (XI), prisms, m. p. 54—56° (Found: C, 
76-6; H, 13-2. C,sH..O requires C, 76-9; H, 12-9%). 

5 : 5-Dimethylcyclohex-2-enone.—3-isoButoxy-5 : 5-dimethylcyclohex-2-enone (60 g.), prepared 
from dimedone by the method of Eschenmoser e# ai.,!* b. p. 76°/0-1 mm., n, 1-4810 (Found: 
C, 73-45; H, 9-8. C,,.H., O, requires C, 73-4; H, 10-3%), was reduced with lithium aluminium 
hydride (5 g.) in ether to give, by the usual isolation procedure, 5 : 5-dimethylcyclohex-2-enone, 
b. p. 76°/16 mm., n,** 1-4699 (lit.,2° b. p. 75°/15 mm., m,,%° 14710). The 2: 4-dinitrophenyl- 
hydrazone crystallised from ethanol as red prisms, m. p. 161—163° (Found: C, 55-5; H, 5-35; 
N, 18-4. (C,,H,,0,N, requires C, 55-25; H, 5-3; N, 18-4%). 

3: 3-Dimethylcyclohexanone (XIII).—The above ketone (5 g.) in ethanol (50 c.c.) was 

18 Cf. Born, Pappo, and Szmuszkovicz, J., 1953, 1779. 


18 Eschenmoser, Schreiber, and Julia, Helv. Chim. Acta, 1953, 36, 482. 
20 Frank and Hall, J]. Amer. Chem. Soc., 1950, 72, 1645. 
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hydrogenated over 10% palladised charcoal (0-5 g.). Hydrogen (1 mol.) was rapidly absorbed 
and fractionation of the filtered solution gave the ketone (XIII), b. p. 44—45°/1-5 mm., vmax 
1710 cm.“ (s, C=O in a 6-membered ring). 

2: 2:5: 5-Tetramethylcyclohexanone (XIV).—The ketone (XIII) (2-82 g.) in dry ether 
(10 c.c.) was added to a freshly prepared suspension of sodamide [(from sodium (1-03 g.)] in dry 
ether (30 c.c.) and heated under reflux for 1} hr. Methyl iodide (7-35 g.) in an equal volume of 
dry ether was added slowly with stirring to the cold solution, and the whole subsequently 
heated under reflux for4hr. The product (3-3 g.), isolated in the usual manner, was shown, by 
vapour-phase chromatography, to contain an impurity. The semicarbazone was prepared and 
repeated crystallisation from benzene-ethanol finally gave the semicarbazone (1-82 g.) of the 
ketone (XIV) as prisms, m. p. 198-5—201-5° (Found: C, 62-7; H, 10-5. C,,H,,ON, requires 
C, 62-5; H, 10-0%). This on hydrolysis with dilute mineral acid gave 2: 2: 5: 5-tetramethyl- 
cyclohexanone (XIV) (1-3 g.), b. p. 98°/46 mm., m,,!* 1-4448 (Found: C, 77-2; H, 11-65. C,9H,,O 
requires C, 77-9; H, 11-8%). The 2: 4-dinitrophenylhydrazone crystallised from chloroform- 
ethanol as red plates, m. p. 169—171° (Found: C, 57-2; H, 6-65. C,,H,.O,N, requires C, 57-5; 
H, 66%). 

2:2:5: 5-Tetramethylcyclohexanol (X1).—The ketone (XIV) (0-88 g.) in dry ether (10 c.c.) 
was added to a suspension of lithium aluminium hydride (0-5 g.) in dry ether (25 c.c.) and 
heated under reflux for 1 hr. The product isolated in the usual manner gave, on distillation, 
2: 2:5: 5-tetramethylcyclohexanol, m. p. and mixed m. p. 52—54°. The infrared spectra of 
this and the specimen prepared as above were superposable. The hydrogen phthalate crystal- 
lised from ethanol as prisms, m. p. 169-5—171-5°, alone or mixed with the specimen obtained 
above, and the infrared spectra of the two specimens were superposable. 


One of us (A. W. A.) is indebted to the Department of Scientific and Industrial Research for 
a maintenance allowance. Some of the infrared spectra were determined by Dr. G. Eglinton 
and his associates and the analyses were kindly carried out by Mr. J. M. L. Cameron and his 
associates. The authors also thank Dr. R. I. Reed and Mr. W. Sneddon for obtaining and 
interpreting the mass-spectral data, and Professor J. Conia for the generous gift of a 
specimen of his 2: 3: 5: 5-tetramethylcyclohex-2-enone. 
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437. Synthesis of Cytidine Diphosphate Ribitol. 
By J. Bappitey, J. G. BucHANAN, and C. P. FAWCETT. 


Cytidine-5’ phosphate and ribose 5-phosphate, in the presence of dicyclo- 
hexylcarbodi-imide, gave P!-cytidine-5’ P?-ribose 5-pyrophosphate (III). 
Reduction of this nucleotide with sodium borohydride at pH 8-5—9-2 gave 
cytidine diphosphate ribitol (I) indistinguishable from the natural material. 


CYTIDINE DIPHOSPHATE RIBITOL (CDP-ribitol) (I) was first detected! in Lactobacillus 
arabinosus and has been isolated from that source.? Its presence in other Gram-positive 
organisms and its function in the biosynthesis of a new group of cell-wall components, 
the teichoic acids, have been discussed recently.* As only very small amounts of material 
were available for structural studies, much of the evidence ** for the formula (I) is based 
on paper chromatography. A synthesis would be valuable, not only in confirming the 
structure, but also in the hope that material would thereby be available for studies on 
the biosynthesis of the teichoic acids. 


* The nomenclature adopted here for ribitol phosphates is discussed in ref. 5. This compound is, 
systematically, L-ribitol 1-phosphate. 


1 Baddiley and Mathias, J., 1954, 2723. 

? Baddiley, Buchanan, Carss, Mathias, and Sanderson, Biochem. J., 1956, 64, 599. 

* Armstrong, Baddiley, Buchanan, and Carss, Nature, 1958, 181, 1692; Armstrong, Baddiley, 
Buchanan, Carss, and Greenberg, J., 1958, 4344. 

* Baddiley, Buchanan, Carss, and Mathias, /., 1956, 4583. 

5 Baddiley, Buchanan, and Carss, /., 1957, 1869. 
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During work on the synthesis of the related nucleotide, cytidine diphosphate glycerol,® 
it was found that mixtures of polyol phosphates and nucleoside-5’ phosphates do not yield 
the unsymmetrically substituted pyrophosphates in the presence of dicyclohexylcarbodi- 
imide. The ready cyclisation of the phosphate group situated adjacent to a hydroxyl 
group in the acyclic polyol phosphate leads to exclusive formation of the cyclic phosphate: 
the nucleoside-5’ phosphate in these mixtures is largely converted into the dinucleoside 
pyrophosphate. This difficulty was surmounted in the CDP-glycerol synthesis by 
protection of the hydroxyl groups in «-glycerophosphate with an isopropylidene residue. 


oO 


eo OH OH 
OH HO 
CH,: 0-P-0-P-O-H;C—$}- +4 CH, 
HO OH OH 
N 6 6 
+ \ 
Ny | 
NH, (I) 


Pl es 


CH,- al ok alee oan Nexen 


CH,-O-PO(OPh), 
t) 
NH, (IITy 


(II) 


For a synthesis of CDP-ribitol along similar lines to those adopted in the synthesis of 
CDP-glycerol, it would be necessary to protect most or all the hydroxyl groups in D-ribitol 
5-phosphate * with residues which could be removed under mild conditions. In a model 
experiment 1,3:2,4-dibenzylidenexylitol readily gave a 5-(diphenyl phosphate) (II) when 
treated with diphenyl phosphorochloridate in pyridine, but much difficulty was encountered 
in the attempted removal of both phenyl groups from this ester. Moreover, although it 
was possible to remove one benzyl group from the corresponding dibenzyl ester by anionic 
debenzylation, removal of the second benzyl group without loss of benzylidene residues 
was troublesome. 

An alternative synthesis, which would also avoid the difficulty of resolution of racemates, 
starts from D-ribose 5-phosphate. The presence of the furanose ring in ribose 5-phosphate 
considerably reduces the possibility of cyclic phosphate formation under normal procedures 
for pyrophosphate synthesis.? In this connexion, good yields of dinucleoside pyro- 
phosphates and nucleoside pyro- and tri-phosphates have been obtained by the carbodi-imide 
method on nucleotides. Even ribose 5-phosphate itself has been used successfully in this 
way for the synthesis of its pyro- and tri-phosphate.® 

P'-Cytidine-5’ P?-ribose 5-pyrophosphate (III) (CDP-ribose) was prepared from 
cytidine-5’ phosphate and ribose 5-phosphate by reaction with dicyclohexylcarbodi-imide 
in pyridine containing a small amount of tri-n-butylamine.? The pyrophosphate (III), 
isolated as its ammonium salt by ion-exchange chromatography, was homogeneous when 
examined by paper chromatography and showed properties consistent with the presence of 
a free reducing centre in the ribose phosphate residue. It was hydrolysed by acids to 
cytidine-5’ phosphate and ribose 5-phosphate, both identified by paper chromatography. 

CDP-ribose was smoothly reduced to CDP-ribitol by sodium borohydride in a glycine 
buffer between pH 8-5 and 9-2, though careful control of reaction conditions was necessary 


* Baddiley, Buchanan, and Sanderson, J., 1958, 3107. 

7 Baddiley, Buchanan, and Szabo, J., 1954, 3826. 

8 Horecker, Hurwitz, and Heppel, J. Amer. Chem. Soc., 1957, 79, 701. 
* Cf. Smith and Khorana, ibid., 1958, 80, 1141. 
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to avoid decomposition of the product. CDP-ribitol is known to be very labile towards 
both acid and alkali. Borate and other ions and buffer components were removed by 
adsorption of the nucleotide on a charcoal column. The liberation and subsequent removal 
of borate from its complex with the product was not complete under conditions similar to 
those described by Whelan and Morgan ! for its removal from carbohydrate mixtures. 
However, exhaustive washing of the charcoal with water adjusted to pH 3-8 removed all 
but the last trace of borate. 2-5°% of the natural nucleotide was hydrolysed at 20° and 
pH 3 in 18 hr. The lability of this nucleotide towards acid was apparent from a similar 
experiment at pH 2, where 19% of hydrolysis occurred. At lower pH values hydrolysis 
was complete under these conditions. 

CDP-ribitol was isolated as its ammonium salt. Although it contained about 5% of 
cytidine-5’ phosphate, the synthetic compound was considerably purer than the best 
samples of the natural material. It was indistinguishable from the natural nucleotide on 
paper chromatograms, and was converted into cytidine-5’ phosphate and ribitol 4,5- 
(hydrogen phosphate) by treatment with ammonia: natural CDP-ribitol was known to 
give this cyclic phosphate under identical conditions. It was hydrolysed by Crotalus 
atrox venom to cytidine, orthophosphate, and ribitol 5-phosphate. 

Specific enzymic methods for the identification of CDP-ribitol are not yet adequately 
developed, but it is noteworthy that the synthetic product should be stereochemically 
identical with the natural nucleotide. The polyol phosphate residue in synthetic CDP- 
ribitol, having been derived from D-ribose 5-phosphate, will be D-ribitol 5-phosphate. It 
was shown earlier that the corresponding residue in natural CDP-ribitol is also p-ribitol 
5-phosphate.® 

The possibility that CDP-ribose (III) might have biological significance has not been 
investigated. Although a biosynthetic scheme for CDP-ribitol could involve reaction 
between cytidine triphosphate and ribose 5-phosphate, then reduction of the resulting 
CDP-ribose, there is no evidence yet to support this. On the contrary, CDP-ribitol has 
been prepared from cytidine triphosphate and ribitol 5-phosphate by an enzyme isolated 
from bacteria," and it is likely that this would be the normal route for its biosynthesis. 


EXPERIMENTAL 

1,3:2,4-Di-O-benzylidene-DL-xylitol 5-(Diphenyl Phosphate).—Diphenyl phosphorochloridate 
(2-6 g.) was added with shaking to an ice-cold solution of 1,3:2,4-di-O-benzylidene-pL-xylitol * 
in dry pyridine (10 ml.). Pyridine hydrochloride soon settled and the mixture was kept at 0° 
overnight. A little water was added to decompose the excess of reagent, and then chloroform, 
and the solution was washed three times each with sodium hydrogen carbonate solution and 
water and dried (Na,SO,-MgSO,). Solvents were removed in vacuo with the addition of small 
quantities of chloroform, then benzene, to remove traces of pyridine. The ester (2-6 g., 70%) 
was obtained as white crystals, m. p. 161°, by precipitation from chloroform by light petroleum 
(b. p. 60—80°) (Found: C, 65-6; H, 5-2; P, 5-5. C,,H,,0,P requires C, 66-3; H, 5-2; P, 
5-5%). 

Alkaline Hydrolysis.—The above ester (100 mg.) in dioxan (3 ml.) was shaken with 2n- 
sodium hydroxide (3 ml.) for 12hr. Repeated evaporation with water was followed by addition 
of barium acetate solution, and the resulting precipitate (which contained a little barium 
silicate) was examined by paper chromatography in n-propyl alcohol-ammonia (d 0-88)—water 
(6:3:1). Two products, Rp 0-84 and 0-75, were detected by the phosphate spray reagents. 
The faster-moving product, believed to be the monopheny] ester, predominated; but under more 
prolonged conditions of hydrolysis the slower-moving product predominated. This is probably 
an ester in which both phenyl groups have been removed, but neither of the products was 
obtained in sufficient amount for adequate identification. 

1,3:2,4-Di-O-benzylidene-Di-xylitol 5-(Dibenzyl Phosphate).—Dibenzyl phosphorochloridate 
(from 1-22 g. of dibenzyl phosphite) was added to a solution of dibenzylidenexylitol (1 g.) in dry 

1#@ Whelan and Morgan, Chem. and Ind., 1955, 1449. 


11 Shaw, Biochem. ]., 1957, 66, 56P. 
12 Ness, Hann, and Hudson, J. Amer. Chem. Soc., 1953, 75, 132. 
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pyridine at —20°. The mixture was kept at 0° for 16 hr., then worked up in the usual manner. 
The resulting light brown gum was dissolved in a little alcohol, from which the dibenzyl ester 
(1-1 g.) crystallised. It was purified by chromatography on alumina (Grade 0; Peter Spence), 
the ester being eluted with 50% benzene-chloroform. It crystallised from alcohol with m. p. 
93° (Found: C, 67-3; H, 5-5; P, 5-0. C,,H;,0,P requires C, 67-3; H, 5-6; P, 5-3%). 

The dibenzyl ester (600 mg.) and barium iodide (300 mg.) were refluxed in dry acetone for 
2-5 hr. After addition of water and extraction with ether (3 times), the aqueous solution was 
concentrated to about 20 ml.; crystallisation then began. The barium salt of the monobenzyl 
ester was obtained as white needles (0-5 g.) [Found: P, 5-5. (C,.H,,O,P),Ba requires P, 5-5%]. 
It was homogeneous, Ry 0-87, on paper chromatography in »-propyl alcohol-ammonia (d 0-88)- 
water (8: 1:1). 

P!-Cytidine-5’ P?-Ribose 5-Pyrophosphate (CDP-ribose).—A solution of barium ribose 5- 
phosphate (260 mg.) in water was passed through a column (3 x 1 cm.) of Dowex-50 (H* form) 
resin, and eluate and washings were evaporated in vacuo toa gum. This was dissolved in water 
(1-0 ml.), and pyridine (10 ml.) wasadded. The solution was mixed with a solution of cytidine-5’ 
phosphate (190 mg.) in water (2 ml.) and pyridine (10 ml.) to which had been added tri-n-butyl- 
amine (0-5 ml.). Dicyclohexylcarbodi-imide (12 g.) in pyridine (20 ml.) was added and the 
mixture was shaken at room temperature for 30 hr. Cold water (50 ml.) was added and dicyclo- 
hexylurea was filtered off, then washed with water. The combined filtrate and washings were 
extracted with ether (6 times), aerated, adjusted to pH 7-5, and passed through a column (70 x 
2-5cm.) of Dowex-1 x 2 (chloride form; 200—400 mesh) resin. After washing of the column 
with water (500 ml.), gradient elution was carried out from a reservoir containing a solution 
(4-6 1.) which was 0-025m with respect to calcium chloride and 0-0032Nn with respect to hydro- 
chloric acid (pH 2-5), and a mixing chamber containing 0-0001N-hydrochloric acid (400 ml.). 
The apparatus * was designed to give a concave gradient of chloride concentration and pH. 
Fractions (40 ml.) were collected automatically at a flow rate of 3 ml./min. Nucleotides were 
detected in fractions by their absorption at 280 mu. Cytidine-5’ phosphate was collected in 
tubes 53—63, P'P?-dicytidine-5’ pyrophosphate in tubes 67—82, and CDP-ribose in tubes 
135—162. The appropriate fractions were combined, neutralised with calcium hydroxide 
solution, concentrated at <35°, and freeze-dried. The ratio cytidine (calc. from ultraviolet 
absorption) : phosphorus in these combined fractions was 1:1, 1:1, and 1:2 respectively. 
Calcium chloride was removed from the freeze-dried material by extraction with alcohol, and 
the nucleotides were identified by paper chromatography (for Ry values see Table). 

The calcium salt of CDP-ribose was converted into the lithium salt by passage of its solution 
through a column of Dowex-50 (lithium form) resin. Some lithium chloride was removed 
from the freeze-dried product by extraction with acetone, and further purification was achieved 
by precipitation twice from a small quantity of water by addition of acetone. CDP-ribose 
(48 mg.) was homogeneous on paper chromatography and gave positive reactions on paper for 
phosphate, glycoside, and reducing sugar (Found, in sample dried at 30° for 36 hr. in vacuo: 
P, 116%; ratio, cytidine : P: reducing pentose,“ 0-98: 2-0: 1-01. C,,H,,0,,N;P,Li, requires 
P, 11-4%; ratio as above 1: 2: 1). 


Yield Yield 
Reur* (%) f Reur* (%) t 
Cytidine-5’ phosphate ............... 1-0 33 P'P?-Diribose 5-pyrophosphate ... 0-65 
P'P?-Dicytidine-5’ pyrophosphate 0-35 52 CEESIBTBB  cecccccnccccccncoscescccees 0-5 13 
Ribose 5-phosphate ................+ 1-25 Unidentified phosphate ............ 2-41 


* The value Royp represents the ratio, distance travelled by compound: distance travelled by 
cytidine-5’ phosphate, in the solvent system alcohol-ammonium acetate solution (pH 3-8) (75 : 30).?* 

+ Yields are calculated on the amount of cytidine-5’ phosphate taken. The symmetrical pyro- 
phosphates used above were prepared on a small scale by the action of dicyclohexylcarbodi-imide on 
the monophosphates. The unidentified product, Rcyp 2-41, is presumably a ribose phosphate deriv- 
ative, since it is formed from ribose 5-phosphate and the carbodi-imide in the absence of cytidine 
derivatives. 


A small sample of CDP-ribose was heated in 0-1n-hydrochloric acid for 1 hr. at 100°. The 
products, identified by paper chromatography, were cytidine-5’ phosphate and ribose 5- 
phosphate. 

13 Pontis and Blumsom, Biochim. Biophys. Acta, 1958, 27, 618. 


14 Mejbaum, Z. physiol. Chem., 1939, 258, 117. 
18 Paladini and Leloir, Biochem. J., 1952, 51, 456. 
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Stability of CDP-ribitol towards Acid.—A sample of natural CDP-ribitol was purified (free 
from cytidine-5’ phosphate) by paper chromatography in the alcohol-ammonium acetate 
(pH 3-8) solvent system. The appropriate area was cut out of the paper and washed with 
alcohol to remove salt, and the nucleotide eluted with water. Aliquot parts (10 u mole) in 
hydrochloric acid (1 ml.) at pH 2, 3, and 4 were kept at room temperature for 18 hr. After 
adjustment to pH 7 with ammonia and concentration in vacuo, products were determined by 
further chromatography on paper. Amounts of nucleotides were determined spectrophoto- 
metrically. Hydrolyses (%) were 0 at pH 4, 2-5 at pH 3, and 19-0 at pH 2. 

Reduction of CDP-ribose to CDP-ribitol.—To a solution of the lithium salt (10 mg.) of CDP- 
ribose in a glycine-sodium hydroxide buffer (pH 8-5) was added, with stirring, fresh sodium 
borohydride (7 mg.), the temperature being kept at 3°. After 1-25 hr. reducing power had been 
destroyed (Fehling’s solution, aniline phthalate, benzidine). After 1-5 hr., when the pH had 
risen to 9-2, excess of borohydride was destroyed and the pH adjusted to 3-8 by addition of 
2n-acetic acid. Well-washed Norit A charcoal (300 mg.) was added and the mixture was stirred 
for 3 hr., whereupon the extinction at 280 my of the supernatant layer had fallen below 0-05. 
The charcoal, in the form of a small column, was washed with dilute acetic acid solution (pH 
3-8) (1 1.), then water (1 1.), and the nucleotide was eluted with alcohol—-water—Nn-ammonia 
(50: 49:1) which had been cooled to 0°. Recovery of nucleotides was 80—90%. Paper 
chromatography showed that the product was largely CDP-ribitol, but it contained about 5% of 
cytidine-5’ phosphate and a similar amount of the borate complex of CDP-ribitol. 

The above material, although purer than most samples of the natural nucleotide, was 
purified further by paper chromatography in alcohol-ammonium acetate (pH 3-8), elution 
being effected with water after ammonium acetate had been removed by extraction with alcohol. 
The nucleotide solution was passed through a small column of Dowex-50 (ammonium form) 
resin to ensure that it was all in the form of its ammoniuin salt. Eluate and washings were 
freeze-dried, and the residue dissolved in water (5 ml.), centrifuged, and freeze-dried. The 
ammonium salt of CDP-ribitol was a light brown very hygroscopic powder (Found: P, 8-5. 
C,,H;,0,;N;P,,9H,O requires P, 8-6%). The low phosphorus content is consistent with the 
hygroscopic nature of the material. The molecular weight, based on cytidine content, was 724 
(C,,H3,0,;N;P,,9H,O requires M, 723). The ratio cytidine: P was 1-01: 2-0. CDP-ribitol 
requires 1:2. The nucleotide consumed 4-1 moles of sodium periodate per mole of cytidine.'® 
CDP-ribitol requires 4-0. 

Hydrolysis with ammonia and snake venom, and paper chromatography, were carried out 
by methods described previously.‘ In all respects synthetic and natural nucleotides were 
indistinguishable. 


We thank the Nuffield Foundation and the Rockefeller Foundation for financial support. 
This work was carried out during the tenure (by C. P. F.) of a Research Studentship awarded by 
the Department of Scientific and Industrial Research. 


Ktno’s CoLLeGE, UNIVERSITY OF DURHAM, 
NEWCASTLE UPON TYNE. [Received, February 5th, 1959.) 


*® Dixon and Lipkin, Analyt. Chem., 1954, 26, 1092. 
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438. Chemistry of the Higher Fungi. Part IX.* Polyacetylenic 
Metabolites from Coprinus quadrifidus. 


By E. R. H. Jones and J. S. STEPHENSON. 


Seven polyacetylenic compounds have been isolated from the culture 
medium of Coprinus quadrifidus. The structures and stereochemistry of 
four of these products, C, compounds (I, II, III, and VIII), have been 
elucidated. 


A BRIEF examination of the antibiotics produced by the Basidiomycete C. quadrifidus in 
stirred, aerated culture has been reported by Doery, Gardner, Burton, and Abraham.! They 
obtained evidence for the presence of several moderately active but toxic substances and, 
since those that were purified were unstable in the crystalline state, the study was dis- 
continued. Our interest in these products was stimulated by this instability and by the 
ultraviolet absorption spectra quoted for two fractions obtained from the mixture. Both 
the light sensitivity of the crystalline materials and the spacing of the sharp maxima of 
the spectra at ca. 2100 cm.! are characteristic of polyacetylenic compounds.? 


H H 
t t 
HC=C*CSC*CEC*CH=CH*CHO HC=C*C=C*C=C*CH=CH-CH,‘OH HC=C*C=C*C=C-C—C-CH,"OH 
() (II) (II) OHOH 


The fungus was grown in surface culture and the mixture of compounds in the medium 
was separated into two main groups by continuous extraction, first with light petroleum 
(b. p. 30—40°) and subsequently with ether. The less polar fraction was resolved either 
by chromatography on alumina or by counter-current distribution between hexane and 
water. Four compounds were thus isolated which, in order of increasing polarity were 
(a) the aldehyde (I), exhibiting the ultraviolet absorption of a carbonyl-ene-triyne chromo- 
phore, (b) the alcohol (II) (ene-triyne chromophore), (c) a compound with maxima at 


oO oO 
HC=C-C=C-CH .e} 


(IV) HO OH HO OH (V) 


3095, 2910, 2735, and 2585 A, and (d) another with absorption maxima at 3510, 3280, 3050, 
2900, 2610, and 2480 A. The last compound was at first thought to be the hydroxy- 
aldehyde (IX) corresponding to the diol (VIII; see below) but when this was obtained by 
oxidation of the diol with manganese dioxide, its ultraviolet absorption maxima were 
found to be slightly differently located from those of the natural material. The most 
likely formula for this compound is the isomeric hydroxy-aldehyde structure (X). No 
further investigation of materials (c) and (d) has been possible as only minute quantities 
were isolated. 

The major constituent of the less polar fraction, the alcohol (II), was present in a typical 
culture medium in a concentration of ca. 2 mg./l. It formed unstable colourless crystals 
from light petroleum at —70°; its lability and its reaction with alcoholic silver nitrate 
indicated a free ethynyl group. The infrared spectrum confirmed this and established the 
presence of a hydroxyl group and a érvans-disubstituted double bond in the molecule. Since 
catalytic reduction gave nonan-l-ol, structure (II) was established unequivocally. 

The substance containing the carbonyl-ene-triyne chromophore, was present mainly 


* Part VIII, Bu’Lock, Jones, and Turner, J., 1957, 1607. 

1 Doery, Gardner, Burton, and Abraham, Antibiotics and Chemotherapy, 1951, 1, 409. 

2 Jones, Whiting, Armitage Cook, and Entwistle, Nature, 1951, 168, 900; Bohlmann, Chem. Ber., 
1951, 84, 545, 785. 
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in the early stages of growth and was available only in very small amounts. Some 10 mg. 
of material were eventually accumulated during numerous isolations of the other con- 
stituents and, after the determinatior of the structure of the alcohol (II), its investigation 
was considerably simplified. The compound was purified by chromatography followed 
by crystallisation at —30°. The pale yellow crystals thus obtained were extremely 
unstable; at 35° in daylight they were converted almost instantaneously into a bright 
purple, insoluble polymer. The infrared spectrum showed the molecule to contain a free 
ethynyl group, an aldehyde group, and a ¢rans-disubstituted double bond (a strong band 
at 1110 cm.~ is regarded as characteristic of an aldehyde grouping in such an environment 8). 
The ultraviolet spectrum was compatible with structure (I) and final confirmation was 
obtained by preparation of the aldehyde by oxidation of the alcohol (II) with manganese 
dioxide. 





CHy°C=C*C=C-CH=CMe"OMe eicaaiaiaiiaate, tie ttbe th 
(VI) - 
(VII) 
t t 
HO*CH,*C=C*C=C*C=C*CH=CH'CH,°OH HO*CH,C=C*C=C*C=C*CH=CH'CHO 
(VIII) (IX) 
t OW 
CHO*C=C*C=C-C=C*CH=CH'CHy'OH H*C=C*C=C-C=C-CH—CH'CH,°OH 
(X) (XI) 


The more polar material in the ether extract was shown to consist of at least three 
polyacetylenic compounds, by counter-current distribution between ether and m/15- 
phosphate buffer [pH 5-9; used because of the tendency of the triyne-triol to isomerise 
under mildly basic conditions (see below)]. The major polyacetylene produced by C. 
quadrifidus is the triyne-triol (III). It is present in the culture medium to the extent of 
ca. 50 mg./l. and when pure could be stored for considerable periods at —30° in darkness 
without appreciable decomposition. Exposure to daylight at 20° caused rapid poly- 
merisation in the crystal lattice (virtually complete in ca. 30 min.) whilst when heated 
quickly to ca. 80° the material exploded. Its instability suggested the presence of a free 
ethynyl group (confirmed with alcoholic silver nitrate), but its infrared spectrum in 
solution could not be determined owing to the insolubility of the triol in suitable solvents. 
Hydrogenation (6-0 mol. of hydrogen absorbed) gave a nonane-l : 2 : 3-triol, characterised 
as its tribenzoate, and further identified by periodate oxidation (2-05 mol. consumed) to 
heptaldehyde. The only structure for a triyne-triol compatible with the above evidence 
is (III). 

Advantage was taken of a transformation of the triol (III) which occurred under alkaline 
conditions to determine the absolute configuration of the asymmetric centres. The 
product of this reaction exhibited ultraviolet light absorption (see Table) characteristic 
of a diyne-enol ether (e.g., VI).4 On the basis of this correlation and by analogy with 
similar rearrangements of pent-4-yn-l-ol ® and of deca-4 : 6 : 8-triyne-1 : 2-diol, the latter 
yielding (VII),® a cyclic enol ether structure (IV) was indicated for the product; this was 
supported by infrared absorption observations. The initial configuration of the two 
hydroxyl groups is retained in (IV) and this on ozonolysis gave L-erythronolactone (V). 
The full structure of the triol is thus given by the Fischer projection (III) [(2D : 3D)-nona- 
4:6: 8-triyne-l : 2 : 3-triol on Linstead’s convention (see J., 1950, 3333)]. 

The frequency (1755 cm.~*) of the carbonyl band in the infrared spectrum of L-erythrono- 
lactone presents a good example of the bathochromic effect of hydrogen bonding. The 
band appears at 1800 cm.* in the dibenzoate, a rather high value, possibly due to strain 

3 Personal communication from Dr. M. C. Whiting. 

* Bohlmann and Viehe, Chem. Ber., 1955, 88, 1017. 


* Paul and Tchelitcheff, Compt. rend., 1950, 230, 1872. 
* Jones, Turner, and Whiting, unpublished results. 
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induced in the five-membered ring by two bulky cis-substituents or to the close proximity 
of three carbonyl groups as in glycerol triesters.” 

The most polar compound present in the poly-yne mixture showed typical ene-diyne 
absorption maxima at 2805, 2650, 2510, 2385, 2275, and 2100 A. Little work has been 
possible on this compound, but it seems likely that it is not simply the partially reduced 
derivative of the main component, the triyne-triol, since the product obtained on catalytic 
reduction appears to differ from the nonane-] : 2 : 3-triol obtained from (ITI). 

The least polar compound of this group is present in small quantities and its ultraviolet 
spectrum (ene-triyne chromophore) shows maxima similar to those of the ene-triynol (IT) 
but displaced to somewhat longer wavelengths. This spectrum and the considerable 
stability of the compound suggested the absence of a free ethynyl grouping. This was 
confirmed by the infrared spectral data which also showed the double bond to have a trans- 
configuration. Catalytic hydrogenation of the compound and subsequent oxidation 
afforded sebacic acid together with some decanoic acid (formed by hydrogenolysis of a 
hydroxyl group). The compound was therefore formulated as the diol (VIII) and this 
was confirmed synthetically by the coupling ® of penta-2 : 4-diyn-l-ol and trans-5-bromo- 
pent-2-en-4-yn-l-ol. 

The variation in oxidation states of the 9-carbon atom chain present in compounds (1), 
(II), and (III) is of interest and may be significant in relation to the biogenetic processes 
occurring with C. quadrifidus. During preliminary growth studies it was observed that 
the ene-triyn-ol (II) was accompanied by significant quantities of the aldehyde (I) only 
in the very early stages of growth. On the other hand the concentration of the alcohol (II) 
reached a maximum after approximately 30 days, suggesting that it may be formed by 
reduction of the aldehyde (I). .A plausible route to the triol (III) would be by trans- 
hydroxylation of the ¢rans-double bend in (II), probably via an epoxide. Some evidence 
is available, which it is hoped to augment in due course, that the constituent (c) of the less- 
polar fraction (p. 2197) is the trans-epoxide (XI). 
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Ultraviolet spectra. 


(I) Amex. 2105 2200+ 2280 2400 2570 2710 2870 3060 3270 
10%¢ 0-2 60-5 86:5 3-05 55 13-1 17-1 12-3 
(II) Anas. * 2330 2430 2550 2830 3000 3200 3430 
10%< 28-5 43647°5 = 73-5 9-1 19-4 29-5 23-0 
(IIT) Amaz. 2080 2540 2695 2865 3050 
10%e« 122 0-16 022 025 0-17 
(IV) Amax. 2160 2240 2650 ¢ 2785 2930 
10% ¢ 18-1 23-4 12-5 17-5 14-3 
(VII) Amax. 2170 #2240 2650 2780 2935 
10%¢ 22-5 30-0 13-0 13-5 15-0 
(VI) Amaz. 2220 2645 2770 2950 
10%<¢ 27-4 10-3 15-0 12-0 
(VIII) Amex. 2050 2120 2310 2435 2590 2790 2905 3095 3305 
10%e 37-5 37-0 71-5 91-5 3-55 6-4 11-2 13-2 8-1 
(IX) Amax 2470 2595 2875 3050 3250 3485 
10%¢ 46-5 69-5 8-2 16-8 248 19-5 
* In hexane. { Shoulder. 





The isolation of these C, compounds (I, II, and III) makes possible a generalisation on 
a relation between chain-length and structure of the fungal polyacetylenes. Up to the 
present all the compounds containing an odd number of carbon atoms also have a free 
ethynyl grouping; none of those of even chain length contains such a system. So far, 
seven odd-numbered compounds have been described (3 in this paper, biformin,® nemotin 
and nemotinic acid,’ and the C,, mycomycin ™) but several more examples known to us 
will be reported in a subsequent publication. 

7 Shreve, Heether, Knight, and Swern, Analyt. Chem., 1950, 22, 1498. 

8 Chodkiewicz, Ann. Chim. (France), 1957, 2, 819. 

® Anchel and Cohen, J. Biol. Chem., 1954, 208, 319. 


1@ Bu’Lock, Jones, and Leeming, J., 1956, 3767. 
11 Celmer and Solomons, J. Amer. Chem. Soc., 1952, '74, 1870. 
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This generalisation and the occurrence together as metabolic products of C. quadrifidus 
of C,, derivatives (VIII) and (X) with oxygen functions at both ends, along with the 
C, compounds (I), (II), and (III) suggest that the terminal methyl group of polyacetylenic 
derivatives of even chain length is removed by w-oxidation followed by decarboxylation. 
The alcohol (II) might arise thus: 


CHg{C=C]s°CH=CH*CO,H ——t> HC=C-[C=C],*CH=CH-CH,°OH 


by consecutive oxidation, decarboxylation and reduction steps. Some evidence has 
already been obtained of the existence of an enzyme system in cell-free extracts of C. 
quadrifidus capable of decarboxylating a triyne-acid. 

Bu’Lock and Gregory have provided a clear demonstration that the carbon chain 
of the C,, nemotinic acid is built up from acetate units. Working with [1-C]acetate 
they found that the radioactivity was confined to the odd-numbered carbon atoms and 
suggested that the twelfth carbon atom (which remains in the accompanying odyssic acid) 
is eliminated by oxidation followed by decarboxylation. In support of this they draw 
attention to the apparent interconvertibility of C,, compounds with CH;, CH,°OH, and 
CO,H terminal groups in cultures of Polyporus anthracophilus3* It appears that the 
enzyme system responsible for decarboxylation is not present in this fungus. 


EXPERIMENTAL 


Ultraviolet absorption spectra (cf. Table) were measured for ethanol solutions, unless other- 
wise stated (chromatographic and distribution fractions were examined directly), on a Cary 
Recording Spectrophotometer Model 14 M. Infrared absorption spectra were obtained on a 
Perkin-Elmer Model 21 spectrophotometer, and m. p.s (corrected) determined on a Kofler 
block. Alumina for chromatography was Peter Spence grade ‘‘ H,” deactivated by treatment 
with 5% of 10% acetic acid. Light petroleum refers to a fraction with b. p. 60—80°. 
Evaporations were done under reduced pressure in nitrogen. Crystallisations of poly-ynes 
were carried out in a cold room (—9°) in red light. 

The culture of C. qguadrifidus was obtained from the Type Culture Collection, Baarn (Nether- 
lands). The fungus was grown as surface cultures on a 5% solution of malt extract, and the 
culture medium was decanted and extracted after 30 days’ growth at 24°. Subsequent replace- 
ment of the medium with a 4% solution of glucose * or a 4% glucose solution containing 
sodium acetate (0-2m) resulted in an enhanced rate of poly-yne production, comparable concen- 
trations to those obtained during the initial growth period being produced after 7 to 14 days’ 
growth. 

The Less Polar Poly-yne Fractions.—In a typical experiment 36 1. of the culture medium 
(12 1. batches) were continuously extracted with light petroleum (b. p. 30—40°). The extract 
was evaporated to 160 c.c. and placed in the first 4 tubes of a 50 plate Craig countercurrent 
apparatus (volumes of upper and lower phases, 40 c.c.) and distributed between light petroleum 
and water. After 70 transfers the alcohol (II) appeared in tubes 28—50 and in fractions 
9—20 removed from the apparatus. The less polar aldehyde (I) appeared in fractions 1—12, 
whilst the two polar fractions, one with ultraviolet absorption bands at 3510, 3280, 3050, 2900, 
2610, and 2485 A and the other showing maxima at 3095, 2900, 2735, and 2585 A, were found 
in tubes 1—14 and tubes 14—22 respectively. The last material was adsorbed from benzene 
(10 c.c.) on alumina (50 g.). It was eluted with benzene-ether (19:1; 50 c.c.) and exhibited 
Amax, 2095, 2585, 2735, 2950, and 3095 A and vm, 3580 (O-H), 3300 (=C-H), 1087, 1065 (C-O), 
904, 874, 844, and 755cm.+. The partition coefficient between light petroleum—benzene (3: 1) 
and water at 17° is 1-0. The ratio of the intensity of the absorption band at 2095 to that at 
3095 A is 120: 1, much lower than the corresponding ratio, 717 : 1, observed in the case of the 
triyne-triol (III). 

trans-Non-2-ene-4 : 6 : 8-triyn-l-ol (II).—The fractions (14—20) and contents of tubes 
(32—50) rich in material with ene-triyne absorption were combined; the aqueous phase was 


12 Bu’Lock and Gregory, Biochem. J., 1959, in the press. We are indebted to Dr. J. D. Bu’Lock for 
keeping us informed about the progress of these closely related studies. 

18 Bu’Lock, Jones, and Turner, /., 1957, 1607. 
1 Bu’Lock and Leadbeater, Biochem. ]., 1956, 62, 476. 
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extracted with ether. The ether and light petroleum solutions were evaporated to 50 c.c., 
and, on cooling to — 70°, trans-non-2-ene-4 : 6 : 8-triyn-1-ol (II; 70 mg.) separated as colourless 
needles. The material was then recrystallised from hexane at —70° and a sample dried at 
10° mm. for 30 min. at —9°. The ultraviolet extinction coefficients of the ene-triyne alcohol 
(see Table) were then obtained after direct and rapid weighing on a torsion balance. In light 
at room temperature the poly-yne (II) was first converted into a purple polymer which rapidly 
became black (ca. 3 min.) and totally insoluble in the usual organic solvents. The alcohol had 
Vmax. (in CS,) 3600 (O-H), 3290 (=C-H), 1090 and 1027 (C—O) and 943 cm. (=C-H); (in CCl,): 
2190 (-C=C-) and 2040 cm.*! (-C=C-H). The distribution coefficient at 17° between hexane 
and water was 1-35. 

Hydrogenation of trans-Non-2-ene-4 : 6: 8-triyn-l-ol (I1).—A solution of the alcohol (II) 
(48-0 mg.) in ethanol (30 c.c.) was hydrogenated over pre-reduced platinic oxide (56-7 mg.) 
(54 c.c. (N.T.P.) hydrogen absorbed =6-5 mol.], to give nonan-l-ol (41-5 mg.) shown to be 
homogeneous and identified by vapour-phase chromatography. (a) By use of a column at 160°, 
length 300 cm., packed with silicone rubber E301 (20 parts) on firebrick (80 parts; 30—40 mesh), 
the retention time of the only fraction was 28 min. (octan-l-ol, 17 min.; nonan-l-ol, 27 min.; 
decan-l-ol, 42 min.). (b) On use of a column at 180°, length 483 cm., packed with silicone oil 
MS 550 (20 parts) on firebrick (80 parts; 50—90 mesh) the retention time was 44-5 min. 
(nonan-l-ol, 44-5 min.). 

Hydrogenation of the alcohol (II) (81-4 mg.), treatment of the product with p-phenyl- 
azobenzoyl chloride in pyridine, and crystallisation from ethanol gave nonyl p-phenylazobenzoate 
(167 mg.), laths, m. p. 54—55° (Found: C, 75-2; H, 8-0; N, 7-7. C,,H,.O,N, requires C, 74-95; 
H, 8-0; N, 7:°95%). The m. p. was undepressed on admixture with a specimen made from 
authentic alcohol. Decyl p-phenylazobenzoate (laths from ethanol) has m. p. 59-5—60° (Found: 
C, 75:1; H, 8-3; N, 7-5. Cy3H 9O,N, requires C, 75-35; H, 8-25; N, 7-65%). A mixed m. p. 
with nonyl derivative was 52—59°. 

trans-Non-2-ene-4 : 6 : 8-triyn-1-al (I).—Material obtained during numerous isolations of 
the ene-triyne (II) was combined and adsorbed from light petroleum on alumina (100 g.). 
Elution with this solvent and careful evaporation at 10 mm. at —9° in red light gave trans- 
non-2-ene-4 : 6 : 8-triyn-1-al (I) which was further purified by crystallisation from light petroleum 
(b. p. 30—40°) at —30°. The crystalline compound (6 mg.; estimated spectroscopically) was 
dried at —9°/10 mm. for 10 min. A sample was then weighed rapidly (torsion balance) for 
the determination of ultraviolet absorption data (see Table). vmx, (in CS,) were at 3290 (=C-H), 
2740 (OC-H), 1693 (C=O), 1110 (C-CHO), and 950 cm. (=C-H). 

Manganese Dioxide Oxidation of trans-Non-2-ene-4 : 6 : 8-triyn-l-ol (II1).—A solution of the 
alcohol (II) (85 mg.) in methylene dichloride (120 c.c.) was shaken with active manganese 
dioxide (1-2 g.) for 15 hr. at 20°. The solvent was then removed at —9°/10 mm., and the 
residual material adsorbed from light petroleum on alumina (40 g.). Elution with light 
petroleum (50 c.c.) afforded a fraction (4 mg.), having ultraviolet and infrared absorption 
spectra identical with those of the natural aldehyde (I). 

The More Polay Poly-yne Fractions—The culture medium from 100 flasks (75 1.) was 
continuously extracted (in 10 1. batches) with ether for 72 hr., the ethereal solution was 
evaporated to ca. 2 1., M/15-phosphate buffer (150 c.c.) was then added, and evaporation con- 
tinued until ca. 500 c.c. of ether remained. Benzene (1 1.) was then added to ensure that 
poly-acetylenic compounds with low water-solubility would remain in solution, and the residual 
ether was removed. The aqueous phase, containing the bulk of the polar poly-acetylenes, was 
separated and placed in the first four tubes of a 50-plate Craig counter-current apparatus 
(volumes of upper and lower phases, 40 c.c.) and distributed between ether and m/15-phosphate 
buffer (pH 5-9). After 50 transfers the most polar compound, that with ene-diyne absorption, 
remained in tubes 1—9 whilst the main component, the triol (III), appeared in tubes 19—35. 
A small amount of material with the ultraviolet absorption characteristics of an ene-triyne was 
in the tubes 43—48 whilst non-polar material moved with the solvent front. 

(2D : 3D)-Nona-4 : 6 : 8-triyne-1 : 2 : 3-triol (III).—The ethereal solution (2-5 1.) from tubes 
19—35 was stored at —9°. To ensure homogeneity of the product, portions of this solution 
(800 c.c.) were evaporated to 40 c.c. and redistributed in the same solvent system. After 130 
transfers the triol (III) appeared in fractions 32—62, and ultraviolet spectral measurements 
showed that it was almost pure. These fractions were combined and evaporated to 30 c.c., 
hexane was added dropwise to the cooled (— 9°) solution, the triyne-triol (III) (1-15 g.) separating 
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as needles (decomp. ca. 40°). The original 751. of culture fluid must have contained a minimum 
of 3-5 g. of triol. 

Reproducible ultraviolet absorption data (see Table) were obtained as before. Solutions 
were then standardised by means of their absorption intensities. [@],, was +6° (c 0-82) in 
ethanol. The partition coefficient between ether and water at 21° was 1-2. With alcoholic 
silver nitrate the triol gave a colourless precipitate which darkened rapidly on exposure to 
light. The acid liberated was detected by the Methylene Blue—Methyl Red indicator ® but 
reproducible titres were not obtained. 

(2D : 3D)-Nonane-1 : 2 : 3-triol—Hydrogenation of the triol (III) (138 mg.) in ethyl acetate 
(50 c.c.) over pre-reduced platinic oxide [110 c.c. (N.T.P.) hydrogen absorbed =6 mol.], and 
crystallisation of the product from ether gave the triol (110 mg.), m. p. 103—104°, [«],, +15° 
(c 1-0) in ethanol, vmax (in Nujol) 3300 (v. broad) (O-H) and 1070 cm.*1 (C—O) (Found: C, 61-2; 
H, 11-5. C,H, O, requires C, 61-3; H, 11-4%). 

Benzoylation of the triol (80 mg.) with pyridine—benzoyl chloride gave the ¢tribenzoate 
(160 mg.), needles (from light petroleum), m. p. 94—95°, [a],, —22° (c 0-8 in chloroform) (Found: 
C, 74:0; H, 6-4. C3 9H;,O, requires C, 73-8; H, 6-6%), vmax, (im CS,) 2930 (C—H), 1735 (C=O), 
1605, 1455, 1250, 1105, and 708 cm.". 

Periodate Oxidation of (2D : 3D)-Nonane-1 : 2 : 3-triol._—A solution of the triol (22-1 mg.) in 
water (25 c.c.) was used in a quantitative periodate estimation 2-05 mol. consumed). Hept- 
aldehyde was isolated by ether-extraction and gave a 2 : 4-dinitrophenylhydrazone (25 mg.), 
m. p. 105—106°, undepressed by admixture with an authentic specimen but depressed to 94— 
102° and 90—98° by octaldehyde and hexaldehyde 2 : 4-dinitrophenylhydrazones respectively. 

(3L : 4L)-Tetrahydro-2-(penta-2 : 4-diynylidene)furan-3 : 4-diol ([V).—A solution of the triol 
(III) (320 mg.) in water (225 c.c.) was treated with N-sodium hydroxide solution (25 c.c.) and 
kept in darkness at 20° under nitrogen for 5hr. The resulting solution was extracted continu- 
ously with ether for 15 hr. and the extract dried, evaporated to 20 c.c., and cooled to —9°. 
Careful addition of hexane afforded crystals (300 mg.); two recrystallisations from ether—hexane 
at —9° gave the pure diol (IV), decomp. 94°, [a],, — 165° (c 0-5 in ethanol) (Found: C, 65-7 
H, 4-8. C,H,O, requires C, 65°85; H, 49%, vmax. (in CCl,) 3580 (O-H), 3300 (=C-H), 2200 
(C=C), 1655 (=C-O), 1125, 1035, 975, and 874 cm. (for ultraviolet absorption data (see Table). 

L-Erythronolactone (V).—A solution of (V) (850 mg.) in ethyl acetate (250 c.c.) at —35° was 
treated with ozonised oxygen (11 1./min.; 2%) until a permanent blue colour appeared. The 
mixture was then evaporated to 20 c.c. at 20° and 0-05n-hydrochloric acid (100 c.c.) was added. 
The remaining ethyl acetate was then removed and the solution left at 20° for 12 hr. Evapor- 
ation at 10 afforded a gum which was distilled at 120°/0-1 mm. The distillate (305 mg.) was 
crystallised from ethyl acetate, to give L-erythronolactone (V) (160 mg.), m. p. 100—102°, 
[a], +73° (c 0-85 in water) (Jelinek and Upson * give m. p. 102°, [a], +72-5°), vmax. (in Nujol) 
3450 (O-H), 3280 (hydrogen bonded O-H), and 1755 cm. (y-lactone C=O) + many in 1200— 
800 cm. region. Benzoylation gave the dibenzoate, m. p. 108-5—109-5°, [a|,, + 182° (c 1-0 in 
chloroform) (Jelinek et al.4* give m. p. 110—111°, {a],, + 176°) (Found: C, 65-9; H, 4-35. Calc. 
for C,,H,,0,: C, 66-25; H, 4-3%), vmax, (in Nujol) 1800 (y-lactone C=O) and 1725 cm. (benzoate 
C=O), (in CS,) 1815, 1739 cm.*}. 

trans-Dec-2-ene-4 : 6 : 8-triyne-1: 10-diol (VIII).—To obtain significant amounts of this 
compound a different procedure to that used in the isolation of the triol (III) was adopted. 
After continuous extraction with light petroleum (b. p. 30—40°) to remove the less polar 
constituents, the culture medium (50 1.) was continuously extracted with ether. The poly- 
acetylenes in the ethereal extract were transferred to a benzene—water system (80 c.c. of each 
phase): a considerable amount of the triol (III) was precipitated and thus removed. The 
solution was then placed in the first two tubes of a 50-plate counter-current apparatus. After 
53 transfers the contents of the tubes 26—40 were combined, and the aqueous layer was 
separated and extracted with ether. The polyacetylene present in the benzene layers and the 
ethereal extract was adsorbed from benzene (100 c.c.) on alumina (130 g.). Benzene-ether 
(1:1; 200 c.c.) eluted the diol (VIII) (16 mg.) which crystallised as colourless needles (from 
chloroform), decomp. 138° (Found: C, 75-5; H, 5-0. C,9H,O, requires C, 75-0; H, 5-0%), 
Vmax, (in Nujol) 3200 (O-H), 1080 and 1013 (C—O), and 944 cm. (=C-H) (for ultraviolet absorp- 
tion data see Table), partition coefficient 1-12 between benzene and water at 21°. 

146 Eglinton and Whiting, J., 1953, 3055. 

1¢ Jelinek and Upson, ]. Amer. Chem. Soc., 1938, 60, 355. 
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Hydrogenation of trans-Dec-2-ene-4 : 6 : 8-triyne-1: 10-diol (VIII).—A solution of the diol 
(VIII) (47-3 mg.) in ethanol (200 c.c.) was hydrogenated over 5% palladised charcoal (37-8 mg.) 
(44 c.c. of hydrogen (N.T.P.) absorbed =6-7 mol.]. The product was sublimed at 80°/3 x 10° 
mm. to give decanoic acid (10 mg., formed by hydrogenolysis of a hydroxyl group) characterised 
as its anilide (m. p. 67°). The residue after sublimation was sebacic acid (35 mg.), m. p. and 
mixed m. p. 130—134° (from ethyl acetate). 

Synthesis of Diol (VIII).—A solution of trans-5-bromopent-2-en-4-yn-l-ol (735 mg.) in 
methanol (5 c.c.) was added under nitrogen during 15 min. to a stirred solution of penta-2 : 4- 
diyn-l-ol (350 mg.) and cuprous chloride (30 mg.) in 33% aqueous ethylamine (10 c.c.), at 
25—30°. Hydroxylamine hydrochloride was added in small portions as the reaction proceeded 
to ensure that the copper remained in the reduced form. After the addition was complete 
stirring was continued for a further 5 min., then aqueous potassium cyanide solution was added, 
and the mixture extracted withether. The yield of the diol (VIII) as estimated spectroscopically 
was 300 mg. 

The material (150 mg.) was distributed between benzene and water (the amount treated 
being limited by the fairly low solubility of the compound). Thus purified, the diol (100 mg.) 
crystallised from chloroform (Found: C, 74-9; H, 5-4. Calc. for CygH,O,: C, 75-0; H, 5-0%) 
and was identical with the natural material. 

trans-Dec-2-ene-4 : 6 : 8-triyn-10-ol-1-al (IX).—A solution of the diol (VIII) (60 mg.) in 
methylene dichloride (250 c.c.) was shaken at 20° for 24 hr. with active manganese dioxide 
(3-0 g.). The oxidant was then removed and the solvent carefully evaporated under reduced 
pressure. The residue was adsorbed from benzene (20 c.c.) on alumina (70 g.). Benzene 
(100 c.c.) eluted a trace of material which must be a dialdehyde. Benzene-ether (19:1; 200 
c.c.) eluted the hydroxy-aldehyde (IX) (24 mg.) and starting material (21 mg.) was recovered 
by elution with ether. The hydroxy-aldehyde (IX) crystallised from ether—hexane as off-white 
needles, m. p. ca. 90° (decomp.), which slowly became reddish-brown in light (Found: C, 75-55; 
H, 4:2. C,H,O, requires C, 75-95; H, 3-8%), vmax (in Nujol) 3350 (O-H), 1665 (C=O), 1095 
and 1023 (C—O), and 958 cm. (=C-H) (for ultraviolet absorption data see Table). 
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439. Griseofulvin. Part XVI.* Synthesis of Compounds related 
to Griseofulvin. 
By A. W. Dawkrys and T. P. C. MULHOLLAND. 


Racemic spirans related to griseofulvin have been prepared by condens- 
ation between coumaranones and dibromoalkanes. The presence of the grisan 
ring system in griseofulvin has been confirmed by synthesis of 7-chloro-4 : 6- 
dimethoxy-2’-methylgrisan-3-one, which is shown to be the racemate of the 
(i,d)-stereoisomer,t obtained by degrading the (i,d)-diastereoisomer of 
griseofulvin. 

The synthesis of racemates of some non-spiran oxidation products, and 
improved preparations of certain dibromoalkanes, are also described. 


THE structures (I; R= Cl and H) proposed for griseofulvin! and dechlorogriseofulvin * 
respectively were supported by syntheses * of several non-spiran degradation products. 
The preparation of further non-spiran degradation products is described in this paper 


* Part XV, J., 1959, 1830. 

+ The prefixes denote-the configuration of the two asymmetric centres, the spiran centre preceding. 
Griseofulvin is defined (Part XIV) as the (d,d)-stereoisomer; inversion of the spiran centre yields the 
(l,d)-diastereoisomer. 

1 Grove, MacMillan, Mulholland, and Rogers, J., 1952, 3977. 

2 MacMillan, J., 1953, 1697. 

3 MacMillan, Mulholland, Dawkins, and Ward, J., 1954, 429. 
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together with the synthesis of a racemate of a spiran degradation product, thus confirming 
the presence of the grisan ring system in griseofulvin. 
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Three routes to spirocyclic derivatives of griseofulvin were investigated: (a) Condens- 
ation of appropriate coumaranones and dibromoalkanes, (d) ester syntheses from 2 : 2-di- 
substituted coumaranones, and (c) a modification of the Dean and Robertson synthesis of 
usnolic acid analogues. The last route is described in the following paper. 

(a) Dibromoalkane Syntheses.—In this method, briefly reported elsewhere,® condensation 
of suitable dibromoalkanes with coumaran-3-ones in the presence of potassium ¢ert.- 
butoxide (but not ethoxide or methoxide) gave spirans (see Table 1). The yields were 
low but the method was simple and the starting materials were readily prepared. 


TABLE l. 


Coumaranone Halide Product 
6-Methoxy- 1:4-Dibromopentane II; R= R’ =H, R” = Me 
7-Chloro-4 : 6-dimethoxy- 1 : 4-Dibromobutane II; R = Cl, R’ = OMe, R” = H 
1:5-Dibromopentane III; R = Cl, R’ = OMe, R” = H 
1 : 5-Dibromohexane III; R = Cl, R’ = OMe, R” = Me 

The condensation failed with a bromoacyl bromide; y-bromovaleroyl bromide and 
7-chloro-4 : 6-dimethoxycoumaranone gave the coumarony] ester (IV). 

The synthetic racemates (II; R = R’ = H, R” = Me) and (III; R = Cl, R’ = OMe, 
R’’ = Me) behaved as single racemates. The m. p. of the latter was depressed by mixture 
with (d,d)-7-chloro-4 : 6-dimethoxy-2’-methylgrisan (Product C, m. p. 147—148°) obtained ® 
from griseofulvin and the infrared spectra in solution differed; but the m. p. was not 
depressed on admixture with the (/,d)-stereoisomer ? and the infrared spectra were identical. 
The synthetic product was therefore the racemate of the latter and the presence of the 
grisan ring system in griseofulvin was confirmed. 

It was necessary to develop improved syntheses of 1 : 4-dibromopentane and 1 : 5-di- 
bromohexane since published methods gave low yields, e.g., for the latter® only 1%. Fission 
of heterocyclic compounds gave good results. 1:4-Dibromopentane was prepared in 
90°, yield by treating tetrahydro-2-methylfuran with sodium bromide and concentrated 
sulphuric acid. 1: 5-Dibromohexane was prepared in 61% yield by treating 1-benzoyl-2- 
methylpiperidine with phosphorus tribromide and bromine.® 

Contrary to Slater and Stephen’s findings, methylation of 6-hydroxycoumaranone 
gave the 6-methoxy-compound. 

(b) Ester Syntheses.—Although this route did not yield spirocyclic compounds, it led to 
racemates of several oxidation products of griseofulvin and dechlorogriseofulvin. 

Methyl crotonate and 7-chloro-4 : 6-dimethoxycoumaran-3-one gave the ester (V; 
R= Cl, R’ =H, R” = Me) which was separated into two racemates, « and 8, by 
Dean, Sci. Progr., 1952, 40, 653. 

Dawkins and Mulholland, XVIth Internat. Congr. Pure Appl. Chem., Paris, 1957. 

* Grove, MacMillan, Mulholland, and Rogers, J., 1952, 3949. 

* Dawkins and Mulholland, /., 1959, 1830. 

8 Perkin, /., 1887, 51, 702. 

von Braun, Ber., 1904, 37, 2915. 

Slater and Stephen, /., 1920, 117, 309. 
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crystallisation. The m. p. (83—86°) of the latter was not depressed on admixture with 
material of {«),, —19°, m. p. 96—98°, obtained by degradation of griseofulvin via the trione 
(VI; R=Cl, R’ = R” = OMe)," and the infrared spectra in chloroform solution were 
identical. 

Acidic hydrolysis of either ester gave the same acid (V; R = Cl, R’ = R” = H) which 
regenerated a mixture of the esters on methylation. A mixture of the esters was obtained 
by heating either of the pure esters with potassium carbonate in acetone. 

Alkaline hydrolysis of the synthetic acid (V; R= Cl, R’ = R” = H), like that of 
the optically active material," gave the phenolic acid (VII), which was shown to be the 
6-hydroxy-compound by the infrared spectrum in dilute chloroform solution (C=O, 1701 
cm."}).#2 

The acid (V; R = Cl, R’ = R” = H) with alkaline permanganate gave the hydroxy- 
acid (V; R=Cl, R’= OH, R” = H) whose infrared spectrum in Nujol “ mull’’ was 
identical with that of material of {xj,, —17° (in acetone) from griseofulvin."-48 Dehydration 
gave the lactone (VIII; R = Cl) which could not be separated into two racemates. Its 
infrared spectrum in Nujol mull, m. p., and mixed m. p. were identical with those of 
lactone A.'! 


MeO MeO 
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woh Oe CHMe-+CH2-CO,R” ioe Oe nee: CHMe-CH,-CO,H 
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MeQ ‘ 
co 
a Se i, oo Som Cry 
ee wens i CHMe-CH,-COMe sR os 
(VILL) (IX) (X) 
CO, Et 
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In the dechlorogriseofulvin series the synthetic ester (V; R = R’ = H, R” = Me) was 
obtained as a mixture of two isomeric forms, probably corresponding to the two racemates 
(cf. above). Only one form crystallised. Acidic hydrolysis of the mixture of non- 
crystalline ethyl esters (V; R= R’ = H, R” = Et) gave a gum consisting essentially 
of the acid (V; R= R’ = R” =H) but containing varying amounts of a phenolic 
impurity which was eliminated during oxidation to the crystalline hydroxy-acid (V; 
R = R” =H, R’=OH). This was less stable than the chlorine-containing analogue 
and it was not obtained in pure form from dechlorogriseofulvin.2 The synthetic acid 
often contained the lactone (VIII; R =H) into which it was converted easily. The 
lactone was also obtained directly, but in low yield, by oxidation of ethyl 4 : 6-dimethoxy- 
3-oxocoumaran-2-8-butyric acid (V; R = R’ = H, R” = Et). The m. p. of the lactone 
was not depressed on admixture with the lactone prepared from dechlorogriseofulvin, and 
the infrared spectra were identical. 

Attempts to prepare the triones (VI; R = H, R’ = R” = OMe; and R = R’ = R” = 
H) from the available 3-oxocoumaran-2-carboxylates * failed. In particular the esters 
(IX; R=H, and R = OMe) could not be cyclised to spirans although they gave the 
corresponding dibenzofurans (X; R =H and R = OMe) when heated with aqueous 

11 Grove, Ismay, MacMillan, Mulholland, and Rogers, J., 1952, 3958. 


12 Duncanson, Grove, MacMillan, and Mulholland, /J., 1957, 3555. 
13 MacMillan, J., 1959, 1823. 
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alkali. Under basic conditions a reverse Michael reaction often occurred, giving the 
oxocoumaran-2-carboxylates, and in acidic media starting material or intractable products 
resulted. The ester (XI) similarly fails to cyclise to a spiran.™ 


EXPERIMENTAL 


M. p.s are corrected. Microanalyses are by Messrs. W. Brown and A. G. Olney. Alumina 
(B.D.H. or Peter Spence Type H) was (a) used without further treatment (pH 10), (b) rendered 
alkali-free #5 and activated at 250°/17 mm. for 3 hr. (pH 4; Grade II), or (c) washed with water 
after treatment with nitric acid and then treated with methanol and activated (pH 7; Grade II). 
Silica was material of large pore-size (< 100 B.S.S.; pH 6-75). Chromatography was carried 
out in ultraviolet light. Ultraviolet spectra (ethanol solutions) and infrared spectra (Nujol 
mulls unless stated otherwise) were obtained as described previously.4* Light petroleum 
had b. p. 40—60°. 

1 : 4-Dibromopentane.—A solution of sodium bromide (109 g.) and concentrated sulphuric 
acid (137 ml.) in water (125 ml.) was kept at 30° during the gradual addition of tetrahydro-2- 
methylfuran (43 g.). The mixture was boiled for 2 hr. and steam-distilled. The product 
recovered from the distillate by ether-extraction was fractionally distilled, giving the dibromo- 
compound (103 g.), b. p. 98—99°/25 mm., m," 1-516 (lit., b. p. 104—106°/30 mm.,?? ," 1-515 ¥). 

1 : 5-Dibromohexane.—(i) Perkin’s method,’ starting from ethyl acetoacetate and 1 : 3-di- 
bromopropane, gave the following yields: ethyl 5: 6-dihydro-2-methylpyran-3-carboxylate 
(62%); the corresponding acid (34%); 6-hydroxyhexan-2-one (69%); hexane-1 : 5-diol (50%); 
and 1: 5-dibromohexane (b. p. 153—155°/100 mm.) (17%, overall 1-2%). The physical 
constants agreed with those reported. 

(ii) Phosphorus tribromide (182 g.) and then bromine (120 g.) were added in portions to 
1-benzoyl-2-methylpiperidine (140 g.; m. p. 46°; lit., m. p. 44—45° 2") at 0° with shaking. 
The product was distilled at ca. 20 mm. until the distillate became yellow. Phosphoryl bromide 
was removed by shaking the distillate with ice (500 g.), and the mixture was extracted with 
light petroleum. The petroleum extract was washed with sodium carbonate, water, and 
concentrated sulphuric acid until the washings were colourless. Recovery from the petroleum 
extract and distillation of the residue gave 1 : 5-dibromohexane (103 g.), b. p. 121—124°/23 mm., 
which darkened in light. The recorded b. p.?° was 120—122°/20—25 mm. Use of phosphorus 
pentabromide gave lower yields. 

w-Chlororesacetophenone.—Dry hydrogen chloride was passed into a solution of resorcinol 
(72-0 g.), chloroacetonitrile (48 g.),24 and zinc chloride (48 g.) in dry ether for 2 hr. at room 
temperature. After 1 hr., the ketimine hydrochloride was filtered off, washed with ether, and 
hydrolysed at 70° with water (51.) for 1 hr. The product, which separated on cooling, crystal- 
lised from toluene, giving the phenol as nearly colourless needles (85 g.), m. p. 132—133 [lit.,*# 
m. p. 131° (uncorr.)]. 

2-Chloroacetyl-5-methoxyphenol.—(a) The above phenol (30 g.) in ether (300 ml.) with 
ethereal diazomethane gave a precipitate of the monomethyl ether which crystallised from 
ethanol in needles (31 g.), m. p. 116—117° (lit.,23 116°) (Found: C, 53-6; H, 4-6; Cl, 17-8. 
Calc. for C,H,O,Cl: C, 53-9; H, 4-5; Cl, 17-7%). 

(6) Powdered aluminium chloride (9 g.) was added to 1 : 3-dimethoxybenzene (8-0 g.) and 
chloroacetyl chloride (6-5 g.) in carbon disulphide (30 ml.). After 1 hr. the solvent was 
decanted from the red oil, and the latter was treated with ice-cold water (30 ml.) and concen- 
trated hydrochloric acid (20 ml.). The steam-volatile part of the product was recovered in 
ether, giving the phenol (3-9 g.), m. p. 111—114°, raised to 116—117° by recrystallisation. 

4 Nasipuri, Chem. and Ind., 1956, 795. 

18 Prins and Shoppee, J., 1946, 494. 

16 Mulholland and Ward, J., 1954, 4676. 

17 Grishkewitsch-Trochimowski, J. Russ. Phys. Chem. Ges., 1916, 40, 916. 

18 Paul, Ann. Chim. (France), 1932, 18, 303. l 

1® Bunzel, Ber., 1889, 22, 1053. 

2% Solonina, Chem. Zentr., 1899, I, 25. 

*! Scholl, Ber., 1896, 29, 2415; Steinkopf, Ber., 1908, 41, 2541. 

*2 Sonn, Ber., 1917, 50, 1262. 

23 yon Auwers and Pohl, Annalen, 1914, 405, 264. 
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6-Methoxycoumaran-3-one.—(a) A mixture of 6-hydroxycoumaran-3-one (5-0 g.) in benzene 
(2 1.) and excess of ethereal diazomethane was kept for 18 hr. Recovery of the neutral product 
gave the coumaranone (4-2 g.), m. p. 123—125°, which crystallised from ethanol in prisms, 
m. p. 124—125° (lit.,24 125°) (Found: C, 65-7; H, 5-0. Calc. for C,H,O,: C, 65-85; H, 49%), 
Vmax. 1710 cm.~}, Amax, 318, 268, 233, 208 my (log ¢ 4-00, 4-12, 4-05, 4-29). 

(b) 2-Chloroacetyl-5-methoxyphenol (3-0 g.) was heated with sodium acetate (3-0 g.) in 
ethanol (150 ml.) for 2 hr. Crystallisation of the recovered product gave the coumaranone 
(2-2 g.), m. p. 124—125°. 

6-Methoxy-3-oxocoumaran-2-spiro-1’-(2’-methylcyclopentane) (II; R = R’ = H, R” = Me).— 
A slurry of 6-methoxycoumaran-3-one (0-82 g.) in benzene (50 ml.) was added simultaneously 
with 1 : 4-dibromopentane (1-15 g.) in benzene (50 ml.) to a stirred suspension of potassium 
tert.-butoxide (1-4 g.) in benzene (50 ml.) boiling under reflux. When addition was complete 
(30 min.) the mixture was heated under reflux for 3 hr. The cooled, filtered solution was 
washed with sodium hydroxide solution and water and evaporated and the residue was 
chromatographed in benzene on alumina (pH 4; 20 x lcm.). Elution of the blue fluorescent 
band with benzene and recovery gave an oil (300 mg.) containing unchanged dibromide. 
Rechromatography in light petroleum and elution with ether-light petroleum (20 : 1) gave 
a gum (42 mg.) which crystallised from light petroleum in prisms (36 mg.) of the spiran, m. p. 
164—167°, raised to 167—168° by sublimation im vacuo and recrystallisation from ethanol 
(Found: C, 72-1; H, 6-9. C,,H,,O, requires C, 72-4; H, 6-9%), vmax 1712 cm.1; Amax, 318, 
267, 233, 208 my (log ¢ 4-01, 4-12, 4-05, 4-29). 

7-Chloro-4 : 6-dimethoxy-3-oxocoumaran-2-spirocyclopentane (Il; R=Cl, R’ = OMe, 
R” = H).—The procedure described above was applied to a slurry of 7-chloro-4 : 6-dimethoxy- 
coumaran-3-one * (2-29 g.) in benzene (50 ml.), a solution of 1 : 4-dibromobutane (2-16 g.) in 
benzene (50 ml.) and potassium f#ert.-butoxide (2-8 g.) in benzene (50 ml.). Heating under 
reflux for 5 hr. and filtration of the cooled suspension gave a yellow filtrate which was extracted 
with sodium hydroxide solution. Acidification of the alkaline extract gave 3-chloro-2-hydroxy- 
4: 6-dimethoxyacetophenone (60 mg.), m. p. 189—191° after crystallisation, identical with 
authentic material.! 

The semi-solid product recovered from the neutral fraction was repeatedly extracted with 
light petroleum. Recovery from the extract gave a solid (400 mg.), m. p. 182—186°. Sublim- 
ation at 110°/10 mm. followed by crystallisation from ethanol gave prisms, m. p. 192—193°, 
of the spivan (Found: C, 59-1; H, 5-4; Cl, 12-2; OMe, 21-4. (C,,H,,0O,Cl requires C, 59-4; 
H, 5-35; Cl, 12-55; 20Me, 21-9%), vmax 1717 cm."1; Amax, 331, 322, 289, 238, 213 my (log 
3-68, 3-69, 4-30, 4-20, 4-37). , 

Purification of the petroleum-insoluble neutral fraction by chromatography and sublimation 
gave starting material (1-08 g.), m. p. 212—214°. 

7-Chloro-4 : 6-dimethoxygrisan-3-one (III; R=Cl, R’ = OMe, R” = H).—7-Chloro-4: 6- 
dimethoxycoumaran-3-one (2-29 g.) in benzene (50 ml.) was condensed with 1 : 5-dibromo- 
pentane (2-31 g.) in benzene (50 ml.) in the presence of potassium ¢ert.-butoxide (2-8 g.) in 
benzene (50 ml.) as described above. Treatment of the residual orange gum with benzene— 
light petroleum precipitated a solid (120 mg.). Sublimation of this at 130°/10 mm. and 
recrystallisation from ethanol gave prisms (70 mg.) of the grisan, m. p. 176—177° (Found: 
C, 60-5; H, 5-9. C,,H,,O,Cl requires C, 60-7; H, 5-8%), vmax, 1715 cm... 

Unchanged coumaranone (1-20 g.) was recovered from the benzene-petroleum mother- 
liquor. 

7-Chlovo-4 : 6-dimethoxy-2’-methylgrisan-3-one (III; R=Cl, R’ = OMe, R” = Me).— 
7-Chloro-4 : 6-dimethoxycoumaran-3-one (2-90 g.) was condensed with 1: 5-dibromohexane 
(2-44 g.) in the presence of potassium fert.-butoxide (2-80 g.) as described in the preceding 
experiments, identical quantities of benzene being used, but when addition was complete the 
mixture was heated under reflux for 1-5 hr. The cooled, filtered, sodium hydroxide-washed 
solution was concentrated to ca. 5 ml., diluted with light petroleum (5 ml.), and kept at 0°. 
Prisms (112 mg.) (A), m. p. 142—146°, separated. The gum recovered from the mother-liquor 
was chromatographed in benzene on alumina (pH 4; 20 x 0-5 cm.). 

Elution with benzene removed a yellow non-fluorescent band (i) followed by a blue band (ii). 
Further elution with benzene—methanol (50: 1) removed a second blue band (iii). Recovery 
and purification of fraction (iii) gave starting material (850 mg.), m. p. 200—203°. 

*4 Blom and Tambor, Ber., 1905, 38, 3589. 
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Fraction (i) gave a gum (40 mg.) which was sublimed (120—130°/10-* mm.) and crystallised 
from ethanol in prisms, m. p. 146—150° (25 mg.) (B). The gum (340 mg.) recovered from 
fraction (ii) crystallised from benzene-light petroleum (b. p. 60—80°) in prisms, m. p. 140—147° 
(295 mg.) (C). Sublimation of the combined products, A, B, and C at 110—120°/10"* mm. 
followed by crystallisation from ethanol gave the grisan as stout needles (405 mg.), m. p. 157— 
158° (Found: C, 61-8; H, 6-3; Cl, 11-1; OMe, 20-0. C,,H,,0,Cl requires C, 61-8; H, 6-1; 
Cl, 11-5; 20Me, 20-0%), Amax 331, 322, 289, 238, 212 my (log « 3-67, 3-70, 4-33, 4-20, 4-41). 
In an attempt to separate an analytically pure specimen into two racemates recrystallisation 
was repeated 36 times but no change in m. p. or infrared spectrum occurred. 

The m. p. of the racemate was not depressed on admixture with the (/,d)-stereoisomer 
(i.e., 25:2’R; m. p. 152—153°) obtained by degradation’ of the (/,d)-diastereoisomer of 
griseofulvin, and the infrared spectra in chloroform were identical. The (d,d)-stereoisomer * 
(i.e., 2R:2’R; m. p. 147—148°, “ Product C ’’) obtained from griseofulvin was distinct. The 
infrared spectrum in chloroform was different and the m. p. was depressed on admixture with 
the (/,d)-stereoisomer or the synthetic racemate. 

Attempts to obtain the 2’-hydroxy-derivative of the racemate by oxidation with potassium 
permanganate in acetone-sodium carbonate solution failed. 

Attempted Synthesis of 7-Chloro-4 : 6-dimethoxy-6'-methylgrisan-3 : 2’-dione.—A slurry of 
7-chloro-4 : 6-dimethoxycoumaran-3-one (11-45 g.) in benzene (200 ml.) was condensed with 
1 : 4-dibromopentan-l-one (12-25 g.) in benzene (100 ml.‘ in the presence of potassium f#ert.- 
butoxide (14 g.) in benzene (100 ml.) as described above. Working up gave a red filtrate from 
which an intractable brown tar (6 g.) was removed by extraction with sodium hydroxide 
solution. Evaporation of the benzene solution gave a gum which was chromatographed on 
alumina (25 x 1-5 cm.) giving the following bands: (i) eluted by benzene—methanol (100: 1), 
a bright blue fluorescent band; and (ii) eluted by benzene-methanol (25: 1), a broad pale blue 
band. 

Recovery of material from band (i) gave a gum (1-8 g.) which crystallised from ethanol in 
prisms (1:3 g.), m. p. 124°, of 7-chloro-4: 6-dimethoxycoumaron-3-yl y-bromovalerate (IV) 
(Found: C, 46-05; H, 4-4; Cl, 8-9; Br, 20-0; OMe, 15-6. C,,H,,0,ClBr requires C, 46-05; 
H, 4-1; Cl, 9-1; Br, 20-4; OMe, 15-85%), vnax 1760, 1623, 1609 cm.; Apax 265, 219 my (log 
4-18, 4-62), unsaturated to permanganate in acetone and darkening in sunlight. Band (ii) gave 
starting material (8 g.). 

Methyl 7-Chloro-4 : 6-dimethoxy-3-oxocoumaran-2-8-butyrate (V; R=Cl, R’=H, R” = 
Me).—7-Chloro-4 : 6-dimethoxycoumaran-3-one (4-2 g.) in dioxan (200 ml.) at 46° was treated 
with methyl crotonate (2-1 g.) and N-methanolic sodium methoxide (8-0 ml.). After storage 
at 55—60° for 6 hr. and at room temperature for 2 days, the filtered mixture was treated with 
acetic acid (5 ml.) and charcoal, filtered, and evaporated in vacuo. A solution of the residue 
in benzene (150 ml.) was washed with water, dried, and chromatographed on alumina (25 x 2-5 
cm.). Elution with benzene—methanol (100: 1) removed a blue fluorescent band. The 
recovered product was distilled at 170—200°/10-* mm. on to a cold finger and then crystallised 
from benzene, giving material (A), m. p. 143—150° (1-0 g.). Extraction of material recovered 
from the mother-liquor with acetone gave a residue (B), m. p. 1388—150° (0-5 g.). Materials 
(A) and (B) were washed with acetone, giving the «-ester (1-00 g.), m. p. 152—154°, which 
crystallised from benzene-light petroleum (b. p. 60—80°) in needles (Found: C, 54-85; H, 5-2; 
Cl, 10-9; C-Me, 5-35. C,,;H,,0,Cl requires C, 54-8; H, 5-2; Cl, 10-8; 1C-Me, 4-6%). 

The gum obtained from the mother-liquors was fractionally crystallised from ether, giving 
impure material (0-8 g.) and the §-ester (0-90 g.) as needles, m. p. 83—86° (Found: C, 54-5; 
H, 5-4; Cl, 10-9; C-Me, 5-6%). The m. p. was not depressed on admixture with optically 
active methyl 7-chloro-4 : 6-dimethoxy-3-oxocoumaran-2-8-butyrate (see below) prepared from 
griseofulvin; in chloroform the infrared spectra were identical, and distinct from the spectrum 
of the a-ester. 

Interconversion of the esters. The -ester (100 mg.), anhydrous potassium carbonate (0-5 g.), 
and acetone (10 ml.) were heated together under reflux for 7 hr. Recovery and fractional 
crystallisation from benzene-light petroleum (b. p. 60—80°) gave the «-ester (36 mg.), m. p. 
138—147°, raised to 150—152° by further crystallisation. Crystallisation of the more soluble 
fractions from ether gave the 8-ester (41 mg.), m. p. 83—85°. 

Similar results were obtained with the a-ester. The esters were not interconverted by 
seeded crystallisation or in toluene under reflux for 5 hr. 
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7-Chloro-4 : 6-dimethoxy-3-oxocoumaran-2-B-butyric Acid (V; R=Cl, R’ = R” = H).— 
(i) The above a-ester (561 mg.) was boiled with N-hydrochloric acid (25 ml.) for 3 hr., water 
(20 ml.) being added after 2-5 hr. The filtered, water-washed product (495 mg.), m. p. 154— 
162° (decomp.), was used for further work. A specimen was crystallised from toluene, 
precipitated from solution in sodium hydrogen carbonate by acidification with hydrochloric 
acid, and recrystallised, giving the acid as needles, m. p. 151—154° (decomp.), the decomp. point 
depending on the rate of heating and not being depressed on admixture with the optically 
active acid from griseofulvin ™ (Found: C, 53-2; H, 5-05; Cl, 11-3; OMe, 20-4%; equiv., 305. 
C,,4H,,;0,Cl requires C, 53-45; H, 4-75; Cl, 11-3; 20Me, 19-7%; M, 315). 

(ii) Hydrolysis of the B-ester (500 mg.) in the same way gave the same acid (460 mg.), m. p. 
and mixed m. p. 150—157° (Found: C, 53-5; H, 5-0; Cl, 11-4; OMe, 19-1%). The infrared 
spectra of the acids from (i) and (ii) were identical. 

The acid (100 mg.) from (i) with diazomethane gave a mixture separated into the a-ester 
(47 mg.; m. p. 142—150°) and the @-ester (38 mg.; m. p. 82—85°) by crystallisation. 

Methylation of the acid from (ii) gave similar results. 

7-Chlovo-6-hydroxy -4-methoxy -3-oxocoumaran -2-8-butyric Acid (VII).—7-Chloro-4 : 6-di- 
methoxy-3-oxocoumaran-2-8-butyric acid (234 mg.) was boiled with N-sodium hydroxide 
(10 ml.) for 4 hr. After cooling, filtration, and acidification of the filtrate, the precipitated 
solid (123 mg.) was collected and crystallised from ethyl acetate in prisms of the phenolic acid, 
m. p. 212—214° (decomp.), not depressed on admixture with material prepared from griseo- 
fulvin ™ (Found: C, 51-9; H, 4-4; Cl, 11-1; OMe, 10-3. C,,;H,,0,Cl requires C, 51-9; H, 4-3; 
Cl, 11-8; OMe, 10°3%), vmax (dilute chloroform solution) 1701 (C=O), 1737 cm. (shoulder, 
monomeric CO,H). 

7-Chlovo-2-hydroxy-4 : 6-dimethoxy-3-oxocoumaran-2-B-butyric Acid (V; R=Cl, R’ = OH, 
R” = H).—A solution of 7-chloro-4 : 6-dimethoxy-3-oxocoumaran-2-$-butyric acid (134 mg.) 
in N-sodium carbonate (10 ml.) was treated with 4-5% aqueous potassium permanganate 
(3-0 ml.) at 1—2° during 1-5hr. The mixture was kept at 0° for 1-5 hr., excess of permanganate 
decomposed with sulphur dioxide, and the filtered solution acidified with hydrochloric acid. 
The gummy product, recovered in ether, was treated with a little ether, and the resultant solid 
[85 mg.; m. p. 179—182° (decomp.)] crystallised from ethyl methyl ketone-light petroleum 
(b. p. 60—80°) in needles of the hydroxy-acid, m. p. 189—190° (decomp.) (Found: C, 51-1; 
H, 4:6; Cl, 10-65. C,,H,,0;Cl requires C, 50-8; H, 4-6; Cl, 10-7%). The m. p. was not 
depressed on admixture with a specimen of the acid obtained from griseofulvin as described 
previously 1412 and the infrared spectra of the two products were identical. 

Dehydration.—The above hydroxy-acid (85 mg.) was kept with acetic anhydride (0-3 ml.) 
and pyridine (0-7 ml.) at 35° for 3 days. The product obtained by dilution with water at 0° 
was washed with sodium hydrogen carbonate solution and with water, giving the Jactone (VIII; 
R = Cl) (61 mg.). It crystallised from ethyl acetate as needles, m. p. 223—224°, not depressed 
on admixture with lactone (A) obtained from griseofulvin ™ (Found: C, 53-6; H, 4-2; Cl, 11-4. 
C,,H,,0,Cl requires C, 53-7; H, 4-2; Cl, 11-3%). The infrared spectrum was indistinguishable 
from that of lactone (A). The lactone was also obtained by sublimation of the hydroxy-acid 
at 190—210°/10* mm. 

Methyl 4:6-Dimethoxy -3-oxocoumaran-2-8-butyrate (V; R= R’ =H, R” = Me).— 
n-Methanolic sodium methoxide (2-0 ml.) was added to 4 : 6-dimethoxycoumaranone (1-94 g.) 
and methyl crotonate (1-00 g.) in dioxan (40 ml.) at 24°. After 24 hr. the mixture was acidified 
with acetic acid and evaporated in vacuo. An ethereal solution of the residue was washed with 
sodium hydrogen carbonate solution and with water, and the oily product recovered by 
evaporation was chromatographed on alumina (22 x 1-5 cm.) in ether. A band fluorescing 
blue was eluted with ether—-methanol (100: 1), giving, on recovery, a syrup (1-7 g.). Thesyrupy 
ester (2:3 g.) from several experiments was kept with ether, giving a solid (1-0 g.) which 
crystallised from benzene-ether in prisms, m. p. 88—89°, of the «-ester (Found: C, 61-2; H, 6-2; 
OMe, 30-8. C,;H,,0, requires C, 61-2; H, 6-2; 30Me, 31-6%). 

The syrup recovered from the ethereal mother-liquor did not crystallise and distilled as a very 
pale yellow syrup (180—210°/10% mm.) (Found: C, 61-1; H, 6-2%). It is considered to 
consist essentially of the §-ester. 

Ethyl 4: 6-Dimethoxy-3-oxocoumaran-2-8-butyrate (V; R= R’=H, R” = Et).—2n- 
Ethanolic sodium ethoxide (0-43 ml.) was added to 4: 6-dimethoxycoumaran-3-one (1-00 g.) 
and ethyl crotonate (0-59 g.) in dioxan (18 ml.) at 20°. After 48 hr. a little tar was filtered off; 
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the filtrate was acidified with acetic acid, and the product recovered and chromatographed 
(elution of a purple-fluorescing band) as described above for the methyl ester. The ester was 
obtained as an oil (1-00 g.) which was distilled at 190°/10* mm. (Found: C, 62-1; H, 6-6; 
C-Me, 8-1. C,,H.O, requires C, 62-3; H, 6-5; 2C-Me, 9-8%). 

4 : 6-Dimethoxy-3-oxocoumaran-2-8-butyric Acid (V; R = R’ = R” = H).—The above ester 
(1-50 g.) was boiled with 3n-hydrochloric acid {20 ml.) for 5 hr. The cooled mixture was made 
alkaline, washed with ether, and acidified. The crude orange gummy product (1-19 g.) 
recovered in ether was distilled (200°/10 mm.), giving a pale yellow hygroscopic glass which 
consisted essentially of the required acid but contained a phenolic impurity (ferric reaction) 
(Found: C, 60-3; H, 5-7; OMe, 18-2. Calc. for C,,H,,O,: C, 60-0; H, 5-75; 20Me, 22-1%). 

Hydrolysis with weaker hydrochloric acid lessened but did not eliminate the formation of 
the impurity. 

The ethyl ester (Found: C, 62-5; H, 6-8. Calc. for C,,H,,O,: C, 62-3; H, 6-5%) was 
identical (infrared spectrum) with material prepared as described above. 

2-Hydroxy-4 : 6-dimethoxy-3-oxocoumaran-2-8-butyric Acid (V; R = R” = H, R’ = OH).— 
The above acid (350 mg.) in N-sodium carbonate (22 ml.) was treated with 4:5% 
potassium permanganate solution (7-6 ml.) at 1—2° during 2hr. After 4 hr. at 0° the product 
was recovered as described for the chlorine-containing analogue, giving a solid (193 mg.) which 
crystallised from ethyl acetate—light petroleum (b. p. 60—80°) in needles (70 mg.) of the hydroxy- 
acid, m. p. 169—173° (decomp.) (Found: C, 56-9; H, 5-7; OMe, 21-4%; equiv., 276. C,,H,,0, 
requires C, 56-75; H, 5-4; 20Me, 20-99%; M], 296). The acid gave no colour with ferric chloride. 

Dehydration of the hydroxy-acid (112 mg.) as described for the chlorine-containing analogue 
gave the lactone (VIII; R = H) (85 mg.), prisms (from ethyl acetate—light petroleum), m. p. 
150—151° (Found: C, 60-3; H, 5-4; OMe, 22-6. C,,H,,O, requires C, 60-4; H, 5-1; 20Me, 
22-3%). The m. p. was not depressed by mixture with the lactone obtained from dechloro- 
griseofulvin,? and the infrared spectra of the two products were indistinguishable. 

Alkaline Oxidation of Ethyl 4: 6-Dimethoxy-3-oxocoumaran-2-8-butyrate—An ice-cold 
stirred suspension of the ester (525 mg.) in N-sodium carbonate (30 ml.) was treated dropwise 
with 5% potassium permanganate solution, but only a few drops were decolorised. After 
the addition of dioxan (25 ml.) addition of the permanganate was continued (10-0 ml., in 1 hr.). 
The mixture was kept overnight at 0°, then decolorised with sulphur dioxide and filtered. The 
filtrate and acetone washings of the cake were evaporated in vacuo, sodium hydroxide solution 
was added, and starting material (0-2 g.) was recovered in ether. The aqueous fraction was 
acidified; the product recovered by ether-extraction crystallised from ether, giving the lactone 
(VIII; R = H) (45 mg.), m. p. 141—142°, raised to 150—151° (34 mg.) by crystallisation from 
ethyl methyl ketone. The lactone was identical (mixed m. p. and infrared spectrum) with 
material obtained as described above. 

Attempted Ring Closure of Ethyl 4: 6-Dimethoxy-2-(1-methyl-3-oxobutyl)-3-oxocoumaran-2- 
carboxylate (IX; R = R’ = OMe).—Attempted ring closure with sodium ethoxide in the 
absence or presence of ethanol, sodium, triphenylmethylsodium, sodamide, potassium fert.- 
butoxide, concentrated sulphuric acid, or polyphosphoric acid failed. Similar results were 
obtained with the analogue (IX; R = R’ = H). 

(—)7-Chloro-4 : 6-dimethoxy-3-oxocoumaran-2-8-butyric Acid.—The optically active acid 
obtained from griseofulvin ™ gave the methyl esier as prisms, m. p. 96—98° (from ether), {a],,** 
—19° + 3° (c 0-84 in acetone) (Found: C, 55-0; H, 5-4; Cl, 10-8. C,;H,,O,Cl requires C, 54-8; 
H, 5-2; Cl, 10-89%). 


The authors are indebted to Dr. L. A. Duncanson and Mr. M. B. Lloyd for the infrared 
spectra, to Mr. J. F. Grove for initiating this work and interest in it, to several colleagues for 
helpful discussion, and to Mr. G. Ward for technical assistance. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, AKERS RESEARCH LABORATORIES, 
THE FRYTHE, WELWYN, HERTs. [Received, January 13th, 1959.) 
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440. Griseofulvin. Part XVII. Synthesis of 7-Chloro-4 : 6- 
dimethoxy-2'-methylgrisan-3 : 4'-dione. 
By A. W. Dawkins and T. P. C. MULHOLLAND. 


The synthesis is described of grisan and coumaran-3-one spirocyclopentane 
analogues of some griseofulvin derivatives, and of racemates of the griseo- 
fulvin degradation products, (/,d)-7-chloro-4 : 6-dimethoxy-2’-methylgrisan- 
3-one* (II) and (d,d)-7-chloro-4 : 6-dimethoxy-2’-methylgrisan-3 : 4’-dione 
(III). 


THE preceding paper! described a synthesis of the racemate of (/,d)-7-chloro-4 : 6-di- 
methoxy-2’-methylgrisan-3-one * (II), the racemate of a product obtained from (/,d)-griseo- 
fulvin (I). In the present paper details are given of a second route* which led to 
the synthesis of the racemates of the (l,d)-ketone (II) and of (d,d)-7-chloro-4 : 6- 
dimethoxy-2’-methylgrisan-3 : 4’-dione (III).. This route was based on reports *® that 
the usnolic acid analogue (IV; R = R’ = Me) obtained by ring closure of the keto-ester 
(V; R= R’ = Me) with sulphuric acid *5® was a spiran rather than a dihydrodibenzo- 
furan derivative. Ozonolysis of the ester (IV; R = R’ = Me) gave formaldehyde and a 
compound shown to be a coumaranone ester® (VI; R= R’ = Me, R” = CO,Et) by 
spectroscopy and oxidation to a salicylic acid. Since grisans containing a C-methyl 
group in the correct position for derivatives of griseofulvin might be obtained by this 
route, it was further investigated. 


MeO ~ MeO MeO 
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(i) The synthesis ® of the ester (IV; R = OMe, R’ = H) was extended to give the 
spiran (VII). The orientation of the formyl group in the intermediate aldehyde (VIII; 
R = R’ = H, R” = CHO), previously * based on a mixed decomposition point of the 
corresponding acid (VIII; R= R’ =H, R” = CO,H), was confirmed by comparison 
of its ethyl ester with an authentic specimen of ethyl 6-methoxy-3-methylcoumaranone-2- 
carboxylate. The keto-ester (V; R = OMe, R’ = H) obtained ® from the above aldehyde 
was cyclised with sulphuric acid to the spiran (IV; R = OMe, R’ = H) either directly ® 
or through its copper chelate. The spiran showed strong absorption at 328 my (log ¢ 3-98), 
assumed to be due to the exocyclic methylene group conjugated with the aromatic ring. 
In this it resembled the analogue (IV; R= R’= Me). The dihydro-derivative (IX) 
showed only weak absorption (C=C-C=O, R band) at 321 my. Ozonolysis of the ester 
(IV; R = OMe, R’ = H) gave formaldehyde and the coumaranone ester (VI; R = OMe, 
R’ = H, R” = CO,Et), which no longer showed absorption at 1649 cm.? (=CH,) but 


Concerning (/,d) see footnote, p. 2203, and ref. 2. 
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possessed an additional band at 1715 cm.* ascribed to the chemically unreactive carbonyl 
group of a coumaran-3-one. The ultraviolet spectrum was almost identical with that of 
6-methoxycoumaran-3-one. Oxidation of this ester (VI; R= OMe, R’=H, R” = 
CO,Et) gave 2-hydroxy-4-methoxybenzoic acid, and acidic hydrolysis gave the acid 
(VI; R=OMe, R’ = H, R” = CO,H) which was decarboxylated to the unsaturated 
ketone (VI; R = OMe, R’ = R” = H). Hydrogenation of the latter with a palladium- 
carbon catalyst gave a low yield of the cyclopentane (VII). This was identical with the 
racemate of 6-methoxy -3-oxocoumaran -2-sfiro-1'-(2’-methyleyclopentane) obtained 
previously ! by condensation of 6-methoxycoumaranone with 1 : 4-dibromopentane. 

(ii) Grisans. For the synthesis of grisans the required 2-propionic acid (VIII; K = 
R’ = H, R” = [CH,},*CO,H) was obtained directly from 6-methoxy-3-methylcoumarone ® 
with 8-propiolactone. The entering group was shown to occupy the 2-position by chain- 
lengthening of the known 6-methoxy-3-methylcoumarone-2-acetic acid (VIII; R= R’ = 
H, R” = CH,°CO,H). 


co R’ 
a Ie 
MeO fe) MeO R” MeO 
Me R oO 


(VID (VIID) (IX) 


NC 


Me val Ec 


Condensation of the acid chloride of the 2-propionic acid with ethyl ethoxymagnesio- 
acetoacetate (cf. ref. 5) gave a mixture of the ester (VIIJ; R= R’=H, R” = 
(CH,],°CO,Et) and the required keto-ester (X; R= R’=H). The latter was cyclised 
by sulphuric acid ® or, better, polyphosphoric acid to the methylenespiran ester (XI; 
R = R’ = H) which resembled its analogue (IV; R= OMe, R’ = H) chemically and 
showed strong absorption at 326mu. Ozonolysis of the methylene ester gave the coumaran- 
one (XII; R = R’ = H, R” = CO,Et) which showed ultraviolet absorption very similar 
to that of 6-methoxycoumaranone. Acidic hydrolysis of the ester with simultaneous 
decarboxylation gave the non-crystalline unsaturated ketone (XII; R = R’ = R” = H) 
characterised as the 2 : 4-dinitrophenylhydrazone. Hydrogenation of this ketone gave an 
intractable product. 


R’ R’ CH, 
CL Saco nol LO 
MeO . [CH] ,-CO-CH MeO ° MeO 
R CO,Et R Me CO,Et 
(X) (XI) (XII) 
RO Me 
MeO mo VIL, MeO 
COMe \ - Me 
Cc 
MeO O-CH,-CO,R MeO / MeO [CH,],-CO,R’ 
Cl Ci O-CH, R oO 
(X11) (XIV) (XV) 


For grisans more closely related to griseofulvin, 3-chloro-2-hydroxy-4 : 6-dimethoxy- 
acetophenone * was used as starting material. Condensation with the appropriate chloro- 
or bromo-ester gave the phenoxyacetates (XIII; R=Et, and R= Me). Acidic 
hydrolysis of the phenoxyacetates gave one of two isomeric acids C,,H,,0,Cl (XIII and 
XIV; R = H) both with m. p. 144°, or an inseparable mixture of the two (m. p. 119—120°). 
Ethanolic sulphuric acid gave the open form (XIII; R = H); with 3n-hydrochloric acid 
the product consisted of the cyclic form (XIV; R = H). Hydrolysis with n-hydrochloric 
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acid gave a substance shown to be a 1 : 1 mixture of the two acids by analysis and spectro- 
scopy. The ultraviolet spectra of the two forms of the acid were distinct (see Figure), 
the acetophenone chromophore of diminished intensity shown by acid (XIII; R = H) 
being absent from the spectrum of the cyclic form. Although the infrared spectra of the 
cyclic acid and its esters showed only a single C=O band [e.g., (XIV; R = Me), 1742 cm."], 
the open form [e.g., (XIII; R = Et)] showed, besides absorption at 1648 cm.* (aceto- 
phenone C=O), a doublet both as a solid (1763, 1753 cm.-) and, at a higher frequency, in 
solution. Investigation of model compounds § showed that the doublet occurred generally 
in substituted phenoxy- and alkoxy-acids and their esters. 

Dehydration of both forms of the acid gave the coumarone (VIII; R = Cl, R’ = OMe, 
R” = H) which condensed with $-propiolactone to give the required 2-propionic acid 
(VIII; R= Cl, R’ = OMe, R” = [CH,],°CO,H), but the yield was low and could not be 
improved. Attempts to orientate the entering group by two Arndt-Eistert syntheses 
from the carboxylic acid (VIII; R= Cl, R’= OMe, R” = CO,H) failed, but a better 
synthesis of the 2-propionic acid which served for orientation was as follows. Reaction 
of the coumarone with hydrogen cyanide gave the 2-formyl derivative (VIII; R = Cl, 
R’ = OMe, R” = CHO) whose structure was proved by oxidation and esterification to 
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ethyl 7-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-carboxylate (VIII; R= Cl, R’= 
OMe, R” = CO,Et) identical with authentic material obtained by ring closure of the 
ester (XIII; R = Et). The aldehyde was converted into the 2-acrylic acid (VIII; R = Cl, 
R’ = OMe, R” = CH:CH-CO,H) which was selectively reduced to the 2-propionic acid 
(VIII; R = Cl, R’ = OMe, R” = [CH,],"CO,H) identical with material prepared by the 
first method. 

Selective hydrogenation of the 2-acrylic acid was first accomplished in the presence of 
a nickel catalyst,® but the insolubility of the acid in organic solvents made this method 
impracticable on a larger scale. Hydrogenation of the sodium salt of the acid in aqueous 
solution with a palladium-strontium carbonate catalyst ® gave satisfactory results in 
early experiments, but later, from the purified acid, it gave a complex mixture from 
which, besides the desired product, its dechloro-analogue (VIII; R =H, R’ = OMe, 
R” = [CH,],*CO,H) and the coumarans (XV; R = Cl, R’ = H; and R = R’ = H) were 
also isolated. Both the coumaran acid (XV; R = R’ = H) and the corresponding ester 
(XV; R=H, R’ = Me) were dehydrogenated to the corresponding coumarones with 
sulphur and chloranil respectively. The required selective reduction was shown to occur 
if a little piperidine was added to the pure acid. Presumably piperidine was present in 

§ Dawkins and Duncanson, unpublished work. 


* Burdick and Adkins, J]. Amer. Chem. Soc., 1934, 56, 438. 
10 Martin and Robinson, J., 1943, 491. 





2214 Dawkins and Mulholland: 


the acid obtained from the Doebner condensation, but the addition of piperidine to the 
pure acid did not give yields as high as those which had been obtained from the impure acid. 

The 2-propionyl chloride (VIII; R = Cl, R’ = OMe, R” = [CH,],°COCI) condensed 
with ethyl ethoxymagnesioacetoacetate, giving the keto-ester (X; R = Cl, R’ = OMe). 
Since direct cyclisation of the keto-ester with sulphuric or polyphosphoric acid failed, it 
was treated with cupric acetate, giving a mixture of the isomeric «- (80—90%) and 8-copper 
chelates. The §-chelate (m. p. 98—100°) was converted into the «-chelate (m. p. 164°) 
when heated at 120—130°. The ester carbonyl band (1739 cm.* in the keto-ester) was 
absent from the infrared spectra of both chelates, suggesting that this group acted in a 
donor capacity in both cases together with one of the carbonyl groups. A band at 1623 
cm.~!, present in both the chelates and the keto-ester, is evidently due to bonded carbonyl 
as in acetylacetone." Cyclising the 6-chelate with polyphosphoric acid at room tem- 
perature, or the a-chelate at 70—80°, gave the methylenespiran ester (XI; R= Cl, 
R’ = OMe) in ca. 40% yield. When the a-chelate was treated with polyphosphoric acid 
at room temperature none of the required ester was obtained, the product containing 
starting material (30%), (VIII; R=Cl, R’ = OMe, R” = [CH,],°CO,H) (30%), the 
corresponding ethyl ester (10°) and traces of the ketone (VIII; = Cl, R’ = OMe, 
R” = CH,*COMe). 

The properties of the methylenespiran ester were consistent with the structure assigned 
to it. As with other members of the chlorine-containing series, the ultraviolet spectra 
showed a bathochromic shift compared with the 6-methoxy-analogues. Ozonolysis and 
reduction of the ozonide with zinc-acetic acid gave a mixture of starting material (5%), 
3-chloro-2-hydroxy-4 : 6-dimethoxyacetophenone (40%), a chlorine-free acidic fraction 
(30%) and, surprisingly, the crystalline coumaranone (XII; R = Cl, R’ = OMe, R” = H) 
(4%). The infrared spectrum [1718 cm. (coumaranone CO) and 1684 cm. (C=C-CO)} 
and ultraviolet spectrum were consistent with this structure. Hydrolysis of the ozonide 
with water gave the coumaranone ester (XII; R = Cl, R’ = OMe, R” = CO,Et) which, 
however, could not be hydrolysed to the free acid. The ready hydrolytic decarboxylation 
occurring during hydrolysis of the ozonide with zinc-acetic acid is unexplained. 

Hydrogenation of the coumaranone (XII; R=Cl, R’= OMe, R” =H) with a 
palladium-carbon catalyst gave an alcohol fraction (which was not investigated owing 
to the stereochemical complications due to the presence of three asymmetric centres), 
a monoketone, and a diketone. The monoketone was identical with the synthetic 
racemate! of (l,d)-7-chloro-4 : 6-dimethoxy-2’-methylgrisan-3-one (II). On the other 
hand the infrared spectrum of the diketone in solution was distinct from that of (/,d)-7- 
chloro-4 : 6-dimethoxy-2’-methylgrisan-3 : 4’-dione # (III) but was identical with that of the 
(d,d)-diketone 18 (III). The synthetic diketone is therefore the racemate of the latter. 
It is presumed that the formation of only one racemate of (II) and (III), but of different 
configuration, must be due to simultaneous competing reduction mechanisms. 


EXPERIMENTAL 


M. p.s are corrected. Microanalyses are by Messrs. W. Brown and A.G. Olney. Absorption 
spectra (in ethanol) and alumina for chromatography were obtained as described previously. 
Unless otherwise stated, infrared spectra were determined for Nujol “‘ mulls ’’; chromatography 
was carried out in ultraviolet light; light petroleum had b. p. 40—60°. 

Ethyl 6-hydroxy-3-methylcoumarone-2-carboxylate, prepared (60% yield) by Hantszch’s 
method," formed prisms, m. p. 179°, from ethanol (lit., m. p. 178°) (Found: C, 65-4; H, 5-6. 
Calc. for C,,H,,0,: C, 65-4; H, 5°5%), vmax 1700 cm.~1, Amax 313, 282, 241, 210 my (log e 4-30, 
4-07, 3-90, 4-24). 


12 Gordy, J. Chem. Phys., 1940, 8, 516. 

12 Dawkins and Mulholland, /J., 1959, 1830. 
18 Mulholland, J., 1952, 3994. 

™ Hantszch, Ber., 1886, 19, 292. 
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Treatment with dimethyl sulphate gave the methoxy-acid (VIII; R = R’ = H, R” = CO,H) 
(30%) and the corresponding ethyl ester (25%). The latter formed needles, m. p. 74—75°, 
from ethanol (lit.,44 m. p. 74°) (Found: C, 66-5; H, 6-1. Calc. for C,,H,,O,: C, 66-65; 
H, 6-0%), Vmax. 1700 cm., Agax 312, 285, 243 my (log « 4-44, 4-13, 3-97). The methoxy-acid, 
m. p. 184°, was identical (infrared spectrum) with the oxidation product of 2-formyl-6-methoxy- 
3-methylcoumarone, and esterification gave the above ethyl ester, m. p. 74°. 

Ethyl «-acetyl-8-oxo-6-methoxy-3-methylcoumarone-2-y-butyrate * (V; R= OMe, R’ = 
H) prepared from 6-methoxy-3-methylcoumarone-2-acetyl chloride and ethyl ethoxymagnesio- 
acetoacetate,5 was an orange-red oil, vx 1714, 1623, and 1587 cm.4. The copper derivative, 
obtained by shaking an ethereal solution of the keto-ester with aqueous cupric acetate, formed 
greenish-blue plates, m. p. 175°, from methanol (Found: C, 68-4; H, 5-8. C3,H,,0,Cu requires 
C, 68-6; H, 6-1), vax, 1715, 1692, 1671, and 1587 cm.*. 

Ethyl 6-Methoxy-3-methylenecoumaran-2-spiro-1’- (2’-methyl-4’ -oxocyclopent - 2’ -en-3’-carb- 
oxylate) (IV; R = OMe, R’ = H).—A mixture of the above keto-ester (7 g.) and concentrated 
sulphuric acid (15 ml.) was kept at — 5° for 3 days, then diluted with water (50 ml.) and extracted 
with ether. Extraction of the ethereal solution with sodium hydrogen carbonate solution and 
acidification of the alkaline extract gave 6-methoxy-3-methylcoumarone-2-acetic acid (200 mg.), 
m. p. 139—140°, identified by mixed m. p., analysis, and spectra. Recovery from the ether 
extract gave a pale yellow oil, which after passage through a charcoal column in ethanol, was 
obtained crystalline by prolonged trituration under light petroleum (b. p. 80—100°) at —50°. 
Further recrystallisation at room temperature gave the methylene ester as needles (2-8 g.), m. p. 
122° (lit.,5 m. p. 122°) (Found: C, 68-7; H, 6-0; OMe, 19-1. Calc. for C,,H,,0;: C, 68-8; 
H, 5-8; OAlk as OMe, 19-5%), Vmax, 1745, 1707, 1649, 1615, 1595 cm.“}, Amax 327, 263, 231, 214 
my (log ¢ 3-98, 4-12, 4-35, 4-31). The ester gave an intense positive Ehrlich reaction, and 
decolorised permanganate. The 2: 4-dinitrophenylhydrazone formed orange needles, m. p. 
175—176°, from benzene-light petroleum (b. p. 60—80°) (Found: N, 11-1. C,,H,,0,N, 
requires N, 11-3%). The methylene ester was obtained in slightly higher yield (ca. 45%) by 
cyclisation of the copper derivative with sulphuric acid. Attempts to hydrolyse the ester 
with alcoholic hydrochloric acid failed. 

Hydrogenation of the Ester (IV; R = OMe, R’ = H).—One mol. of hydrogen was absorbed 
when the ester (150 mg.) was hydrogenated at room temperature and pressure with a catalyst 
prepared in situ from palladium chloride (7 mg.) and charcoal (75 mg.) in acetic acid (10 ml.). 
The recovered gum was chromatographed in ether on alumina (pH 7; 10 x 0-5cm.). Elution 
with ether and repeated trituration of the product under light petroleum at 0° gave plates 
(105 mg.) of ethyl 6-methoxy-2-methylcoumaran-2-spiro-1’-(2’-methyl-4’-oxocyclopent-2’-en-3’- 
carboxylate) (IX), m. p. 77—78° after recrystallisation from the same solvent (Found: C, 68-6; 
H, 6-35. C,,H. O, requires C, 68-3; H, 6-4%), vmax, 1738, 1698, 1610 cm.*, Aggy 320, 302, 281, 
~263, 228 my (log ¢ 2-78, 3-45, 3-59, 3-72, 4-25). The compound did not give a blue colour with 
Ehrlich’s reagent and was unsaturated to neutral permanganate. The 2: 4-dinitrophenyl- 
hydrazone formed orange plates, m. p. 160°, from benzene-light petroleum (Found: N, 11-1. 
C.4H,,O,N, requires N, 11-3%). 

Ethyl 6-Methoxy-3-oxocoumaran-2-spiro-1’-(2’-methyl-4’-oxocyclopent-2’-en-3’-carboxylate) (V1; 
(R = OMe, R’ = H, R” = CO,Et).—A stream of ozone-oxygen was passed into a solution of 
the preceding ester (500 mg.) in carbon tetrachloride (30 ml.) until the solution became 
opaque. Evaporation of the filtered solution im vacuo gave a gum which was mixed with cold 
water (25 ml.) and kept for 24hr. Distillation of the aqueous fraction into a saturated solution 
of dimedone in 10% aqueous ethanol gave the derivative of formaldehyde as needles, m. p. and 
mixed m. p. 191—192°: (infrared spectrum). An ethereal solution of the residual gum was 
chromatographed on alumina (pH 7; 15 x 1 cm.). The lowest bright-blue fluorescent band 
was eluted with ether and recovered, the product giving rosettes (110 mg.) when boiled with 
light petroleum. The following band fluorescing greenish-blue gave slightly impure material 
(100 mg.). Recrystallisation of the combined product from light petroleum (b. p. 60—80°) 
gave the ester (VI; R = OMe, R’ = H, R” = CO,Et) (200 mg.), m. p. 115—117° (Found: 
C, 64-5; H, 5-3. C,,H,,0, requires C, 64-55; H, 5-1%), vmax, 1751, 1715, and 1701 cm.*, Amay 321, 
275, 232 my (log e 3-98, 4-21, 4-23). The compound gave an orange-red nitroprusside and a 
negative Ehrlich reaction: it reduced Fehling’s solution and gave no blue colour with concen- 
trated nitric acid. The mono-2: 4-dinitrophenylhydrazone formed yellow plates, m. p. 243° 

(decomp.), from benzene-light petroleum (b. p. 60—80°) (Found: N, 11-1. C,3H,.O,N, 
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requires N, 11-3%). Oxidation of the ester (100 mg.) with Fehling’s solution (cf. ref. 5) gave 
2-hydroxy-4-methoxybenzoic acid (25 mg.), m. p. 154—155° (lit.,% m. p. 152—154°). 

6-Methoxy-3-oxocoumaran-2-spiro-1’-(2’-methyl-4’-oxocyclopent-2’-ene-3’-carboxylic Acid) (VI; 
R = OMe, R’ = H, R” = CO,H).—The ester (VI; R = OMe, R’ = H, R” = CO,Et) (70 mg.) 
was heated under reflux for 6 hr. with 2N-hydrochloric acid (17-5 ml.) and ethanol (14 ml.) under 
nitrogen. On cooling, the pale yellow product separated (15 mg.). Removal of ethanol 
in vacuo gave more product (15 mg.) together with starting material (30 mg.). Purification 
of the product by way of the sodium salt and recrystallisation from ethanol gave colourless 
needles (23 mg.) of the acid, m. p. 175—177° (Found: C, 62-5; H, 40%; equiv., 284. C,;H,,0, 
requires C, 62-5; H, 4:2%; M, 288), vmax, 1716, and 1697 cm.™, Amay 318, 273, 232, 210 my 
(log ¢; 4-05, 4-25, 4:30, 4-45). 

6-Methoxy-3-oxocoumaran-2-spiro-1’-(2’-methylcyclopent-2’-en-4’-one) (VI; R = OMe, R’ = 
R” = H).—The above acid (70 mg.) was heated in a modified sublimation tube at 190—200° 
in a stream of nitrogen for 10 min. Sublimation of the residue im situ at 190°/10™* mm. gave 
the cyclopentenone (VI; R = OMe, R’ = R” = H), which formed pale yellow needles (40 mg.), 
m. p. 193—195° from aqueous acetone (Found: C, 68-9; H, 5-2. C,,H,.O, requires C, 68-8; 
H, 4:95%), Vmax. 1713 cm."1, Amax 320, 273, 232, 209 my (log ¢ 3-92, 4-07, 4:16, 4-40). The 
2: 4-dinitrophenylhydrazone formed orange-red plates, m. p. 238—240°, from ethyl acetate 
(Found: N, 13-1. C, 9H,,0O,N, requires N, 13-2%). Decarboxylation was also carried out in 
p-cymene at the b. p. for 1 hr. 

Reduction of the cycloPentenone (VI; R = OMe, R’ = R” = H).—The ketone (15 mg.) in 
ethyl acetate (1-5 ml.) was added to a previously reduced catalyst prepared from palladium 
chloride (10 mg.) and charcoal (40 mg.) in water (1 ml.), and the mixture was shaken at room 
temperature and pressure in an atmosphere of hydrogen until absorption ceased (2-4 mol. in 
5 min.). Recovery gave a pale yellow gum (13 mg.) which was chromatographed in benzene 
on alumina (pH 4; 4 x 0-5 cm.). 

A bright blue-fluorescent band was eluted with benzene and gave a colourless glass (2 mg.) 
on recovery. Sublimation followed by crystallisation from light petroleum gave prisms (0-8 mg.), 
m. p. 167—168°, of 6-methoxy-3-oxocoumaran-2-spiro-1’-(2’-methylcyclopentane) (VII), identical 
(mixed m. p. and infrared spectrum) with the product from condensation of 6-methoxy- 
coumaran-3-one and | : 4-dibromopentane.? 

6 - Methoxy -3-methylcoumarone-2-8-propionic Acid (VIII; R=R’=H, R”= 
(CH,),°CO,H).—(i) A mixture of 8-propiolactone (7-5 ml., 8-64 g.) and 6-methoxy-3-methyl- 
coumarone (19-44 g.) was heated under reflux for 6 hr. at 200°. The cooled residue was ground 
with sodium carbonate solution. The mixture was filtered, the ether-washed filtrate was 
acidified, and the precipitated product (5-3 g.) collected. Sublimation at 130°/10™ mm. and 
crystallisation from dilute ethanol gave the acid (4-9 g.) as colourless plates, m. p. 137° (Found: 
C, 66-5; H, 6-2%; equiv., 231. C,,H,,O, requires C, 66-65; H, 6-0%; M, 234), vmax 1707 
cm., Amax, 292, 253 my (log e 3-80, 4:16). The acid gradually gave a red-violet colour in 
concentrated sulphuric acid. Starting material (10 g.) was recovered from the carbonate- 
insoluble fraction. 

(ii) 6-Methoxy-3-methylcoumarone-2-acetic acid (440 mg.) and redistilled thionyl chloride 
(1 ml.) were warmed gently together until a clear solution was obtained. Volatile products 
were removed in vacuo below 30° and the residual red oil in ether (10 ml.) was added at 0° toa 
3-fold excess of diazomethane in ether (15 ml.) and kept at 0° for 24 hr. Removal of the ether 
in vacuo gave pale yellow needles of the diazo-ketone, m. p. 118—123°. 

The crude product in dioxan (10 ml.) was added dropwise to a mechanically stirred suspension 
of freshly prepared silver oxide (2 g.) in a solution of sodium thiosulphate (1 g.) and potassium 
carbonate (1 g.) in water (20 ml.) at 50—60°. Nitrogen was evolved and after 20 min. the 
temperature was raised to 70° for 10 min., then to 90° for 5 min. After filtration, acidification 
with dilute nitric acid caused separation of a brown oil, which partly solidified on trituration with 
water. Sublimation of the semisolid material at 100—130°/10~* mm., followed by crystallisation 
of the sublimate from dilute ethanol, gave the acid (60 mg.), m. p. 137—138°, identical (mixed 
m. p. and infrared spectrum) with material obtained by method (i) (Found: C, 66-5; H, 6-3%). 

Ethyl 6-Methoxy-2'-methyl-3-methylene-4’-oxogris-2'-en-3'-carboxylate (XI; R = R’ = H).— 
The above acid was converted into the green oily acid chloride with phosphorus pentachloride 





48 Kostanecki and Tambor, Ber., 1895, 28, 2307. 
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by the method described above. The amide formed plates from benzene-light petroleum 
(b. p. 60—80°) (Found: N, 6-1. C,,H,,O,N requires N, 6-0%). 

A solution of the acid chloride in ether (500 ml.) was mixed with a suspension of ethy] 
ethoxymagnesioacetoacetate [from acetoacetic ester (2-7 g.), ethanol (1-2 ml.), and magnesium 
(0-48 g.) in ether (50 ml.)] and heated under reflux for 24 hr. Excess of dilute acetic acid was 
added and the separated ethereal layer was washed with sodium hydrogen carbonate solution, 
giving 6-methoxy-3-methylcoumarone-2-8-propionic acid (200 mg.) on acidification. 

Recovery of the ethereal solution gave an orange oil (4:2 g.) which was chromatographed 
in benzene on alumina (pH 4; 15 x 1cm.). Elution with thesame solvent removed: (i) anarrow 
highly fluorescent band giving a colourless oil (90 mg.) on recovery, and (ii) a greenish-red 
fluorescent band giving a pale orange oil (3-1 g.). Product (i) was crystallised from light 
petroleum and from methanol giving plates (60 mg.), m. p. 51—52°, of ethyl 6-methoxy-3- 
methylcoumarone-2-8-propionate (VIII; R = R’ = H, R” = [CH,],°CO,Et), identical (mixed 
m. p. and infrared spectrum) with material obtained by esterification of the free acid (Found: 
C, 68:3; H, 7-4. Cy 3H 0, requires C, 68-2; H, 7-6%), Vmax, 1737, 1624, 1594 cm.7%. Product 
(ii) was heated at 100—110°/10 mm. for 4 hr. to remove acetoacetic ester; the non-volatile 
oil (2-2 g.) consisted essentially of the required keto-ester; it gave an intense ferric reaction 
in ethanol and formed a copper chelate. 

Cyclisation.—(i) Sulphuric acid. The crude keto-ester (X; RK = R’ = H) (12 g.) in concen- 
trated sulphuric acid (25 ml.) was kept at 0° for 8 days, then worked up as described for the 
lower homologue (see above). 

Acidification of the alkaline extract gave a flocculent yellow precipitate which decomposed 
to a tar on filtration. The unfiltered mixture was extracted with benzene, and the extract 
passed through silica (pH 6-75; 10 x 1cm.). Elution with benzene gave 6-methoxy-3-methyl- 
coumarone-2-8-propionic acid (600 mg.), m. p. 133—135°, identified by the infrared spectrum, 
Recovery of the ethereal solution gave an orange oil (4-5 g.) with an intense Ehrlich reaction. 
Chromatography in ether on alumina (pH 7; 15 x 1-5cm.) and elution with ether removed, first, 
a narrow fluorescent band, giving ethyl 6-methoxy-3-methylcoumarone-2-8-propionate (20 mg.) 
on recovery, and then a pale blue-fluorescent band which, on recovery, gave a pale yellow oil 
(4-1 g.), with an intense Ehrlich reaction. The oil crystallised with difficulty from ethanol and 
on recrystallisation from aqueous ethanol gave needles (3-8 g.), m. p. 97—98°, of the methylene 
estey (XI; R= R’ =H) (Found: C, 69-6; H, 6-2. C,,H,.O; requires C, 69-5; H, 6-1%), 
Vmax, 1728, 1668, 1641, 1614 cm.-}, Amex. 326, 316, 273, 260, 233, 215 my (log e 4-05, 4-09, 4-18, 
4-43, 4:37). The 2: 4-dinitrophenylhydrazone formed orange-red plates, m. p. 182° (decomp.), 
from acetic acid-ethanol (Found: C, 59-3; H, 4-7; N, 10-7. C,;H,,O,N, requires C, 59-05; 
H, 4:8; N, 11-0%). 

(ii) Polyphosphoric acid. The keto-ester (1-5 g.) was mixed with polyphosphoric acid (20 g.) 
and kept at room temperature for 4 days. Recovery gave the methylene ester (700 mg.), the 
ethyl ester [VIII; R = R’ = H, R” = [CH,],°CO,Et) (30 mg.), and no acidic product. This 
method gave a cleaner product than (i). 

Ethyl 6-Methoxy-2’-methyl-3 : 4’-dioxogris-2’-en-3'-carboxylate (XII; R= R’=H, R” = 
CO,Et).—The above methylene ester (1 g.) in carbon tetrachloride (30 ml.) was ozonised as for 
the lower homologue, formaldehyde being isolated as the methone derivative. Chromatography 
of the product in ether on alumina gave a pale yellow gum (510 mg.) which solidified under 
ethanol when seeded with material recovered from attempted hydrolysis of the crude ester 
(see below). Recrystallisation from dilute ethanol gave the coumaranone ester (XII; R = R’ = 
H, R” = CO,Et) as needles, m. p. 110—111° (Found: C, 65-4; H, 5-6. C,,H,,O, requires 
C, 65:4; H, 5-5%), vmax. 1735 (ester C=O), 1704 (coumaranone C=O), 1686 cm.? (conjugated 
6-ring C=O), Amax, 320, 272, 231, 208 my (log ¢ 3-95, 4-12, 4-17, 4-42). It gave an intractable 
red precipitate with Brady’s reagent and no Ehrlich reaction. 

6-Methoxy-2’-methylgris-2’-en-3 : 4’-dione (XI1; R = R’ = R” = H).—The coumaranone 
ester (3 g.) was heated under reflux with ethanol (300 ml.) and 2N-hydrochloric acid (350 ml.) 
for 4 hr. in nitrogen. Carbon dioxide (0-6 mol.) was evolved. The solution was concentrated 
in vacuo, and the aqueous residue was extracted with ether. Extraction of the ethereal solution 
with aqueous sodium hydrogen carbonate and recovery gave only a trace of acidic gum. 
Recovery from the ethereal extract gave a brown oil (1-6 g.) which was chromatographed in 
ether on alumina (pH 4; 10 x 1 cm.). Elution of the column with ether gave a pale blue 
fluorescent band, giving a pale yellow gum (1-5 g.) on recovery, and a dark blue fluorescent 
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band which on recovery gave the crystalline ester (XII; R= R’ = H, R” = CO,Et) (20 
mg.). 

The gum, consisting essentially of (XII; R = R’ = R” = H), was neutral and unsaturated 
to permanganate but did not crystalline; it had v,,, 1713 and 1667 cm.! and Aga, 318, 272, 
232, 209 my (log ¢ 3-98, 4-13, 4-22, 4-45). The 2: 4-dinitrophenylhydrazone formed orange-red 
prisms, m. p. 230°, from ethyl acetate (Found: C, 57-4; H, 4-2; N, 12-6. C,,H,,0,N, requires 
C, 57-5; H, 4-1; N, 12-8%). 

Ethyl 2-Acetyl-6-chloro-3 : 5-dimethoxyphenoxyacetate (XIII; R = Et).—3-Chloro-2-hydroxy- 
4 : 6-dimethoxyacetophenone (46-0 g.), redistilled ethyl bromoacetate (66-4 g.), and anhydrous 
potassium carbonate (56-0 g.) were heated together under reflux in acetone (700 ml.) for 72 hr. 
Filtration and removal of acetone im vacuo gave a yellow oil, which was precipitated from 
ethanol (200 ml.) by ether, giving prisms (58 g.). Recrystallisation from ethanol gave the 
ester as needles (56-6 g.), m. p. 72° (Found: C, 53-3; H, 5-6; Cl, 11-3. C,,H,,O,Cl requires 
C, 53-1; H, 5-4; Cl, 11-2%), vnax, 1763, 1735 (doublet; oxyacetate C=O), 1684 cm." (acetyl C=O), 
Amax. 305, 292, 258, 223 mp (log € 3-35, 3-43, 3-70, 4:21). The 2: 4-dinitrophenylhydrazone 
formed yellow prisms, m. p. 136°, from ethyl acetate (Found: N, 11-3. C, 9H,,O,N,Cl requires 
N, 113%). 

The methyl ester (XIII; R = Me), prepared from methyl bromoacetate as above, formed 
prisms, m. p. 103—104°, from methanol (Found: C, 51-7; H, 5-1; Cl, 12-0. C,sH,,O,Cl 
requires C, 51-6; H, 5-0; Cl, 11-7%), vmax 1760 (broad), 1680 cm."4, Amax, ~305, 293, 268, 233 
my (log ¢ 3-35, 3-42, 3-66, 4-20). 

2-Acetyl-6-chloro-3 : 5-dimethoxyphenoxyacetic Acid (XIII; R= H).—A solution of the 
above ethyl ester (47-4 g.) in ethanol (200 ml.), water (300 ml.), and sulphuric acid (14 ml.) 
was heated under reflux for 4 hr., diluted with water until cloudy, and kept overnight at 5°. 
The precipitate was washed with sodium carbonate solution; starting material (19-7 g.) 
remained. 

Acidification of the alkaline extract gave the acid (XIII; R = H) (19-1 g.), needles, m. p. 
144° (from benzene or water) (Found: C, 50-0; H, 4-6; OMe, 21-7%; equiv., 290. C,,.H,,0,Cl 
requires C, 49-9; H, 4-5; 20Me, 21-5%; M, 287-5), vmax 1751 (carboxyl C=O) and 1659 cm.* 
(acetyl C=O), Amax 301, 292, 258, 224 my (log ¢ 3-42, 3-39, 3-66, 4-19). 

2-Acetyl-6-chloro-3 : 5-dimethoxyphenoxyacetic Acid (Lactol Form) (XIV; R= H).—The 
methyl ester (XIII; R = Me) (500 mg.) was heated under reflux with 3n-hydrochloric acid 
(20 ml.) for 6-5 hr. The solid product was filtered off, dissolved in warm sodium carbonate 
solution, treated with charcoal, filtered, and acidified at 0°, giving the acid (XIV; R = H) 
(311 mg.), m. p. 133—137°. It formed needles, m. p. 143—144°, from dilute ethanol (Found: 
C, 49-8; H, 4-6; Cl, 12-2. C,,H,,0,Cl requires C, 49-9; H, 4-5; Cl, 12:3%), vaax 1746 cm. 
(lactone C=O), Amax. 275, 240 my (log ¢ 3-09, 3-95). Mixtures with the acid (XIII; R = H) of 
m. p. 144° had m. p.s between 115° and 140°. A 1:1 mixture melted sharply at 119—120°, 
behaved as a pure compound, and was identical with material obtained as described below. 

The methyl ester (XIII; R = Me) (1-5 g.) was heated under reflux for 4 hr. with n-hydro- 
chloric acid (75 ml.). Recovery gave an acid (1-1 g.), m. p. ca. 115°, which formed needles 
(920 mg.), m. p. 119—120°, from benzene (Found: C, 49-6; H, 4-7; Cl, 13-6; OMe, 22-9%), vmax. 
ca. 1749 (broad monomeric carboxyl CO and lactol CO), 1659 cm. (acetyl C=O). The ultra- 
violet spectrum was identical with that calculated for and determined with a 1:1 mixture 
of the two acids. 

Methylation of the Isomeric Acids (XIII and XIV; R = H).—(i) A suspension of the acid 
(XIV; R =H) (29 mg., 1 mol.) in ether (5 ml.) was treated overnight with diazomethane 
(1 mol.) in ether (5 ml.). Recovery gave the ester (XIV; R = Me) (29-5 mg.), needles (from 
methanol) (24 mg.), m. p. 97° (Found: C, 51-6; H, 5-4. C,;H,,0,Cl requires C, 51-6; H, 5-0%), 
Vmax. 1742 cm. 4, Amax. ~275, 235 my (log ¢ 3-07, 3-98). A mixture with the isomeric methyl 
ester (XIII; R = Me) had m. p. 78—85°. 

(ii) The acid (XIII; R = H) gave the corresponding ester (XIII; R = Me), m. p. 103—104°, 
identical (mixed m. p., infrared and ultraviolet spectra) with the product from the methyl 
chloroacetate reaction. 

7-Chloro-4 : 6-dimethoxy-3-methylcoumarone (VIII; R=Cl, R’ =OMe, R” =H).—A 
mixture of 2-acetyl-6-chloro-3 : 5-dimethoxyphenoxyacetic acid (either form; 17-3 g.), fused 
sodium acetate (34 g.), and acetic anhydride (100 ml.) was heated under reflux until carbon 
dioxide evolution ceased (30 min.). 
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The cooled solution was diluted and made alkaline with sodium carbonate. The product 
(16 g.), m. p. 143—144°, was filtered off, passed through a column of alumina (pH 4; 50 g.) in 
benzene (3 1.), recovered, and crystallised from ethanol, giving the coumarone (VIII; R = Cl, 
R’ = OMe, R” = H) as needles (14 g.), m. p. 148° (Found: C, 58-2; H, 5-0; Cl, 15-5; OMe, 
27-6. C,,H,,0,Cl requires C, 58-3; H, 4:9; Cl, 15-6; 2OMe, 27-3%), vmax 1626, 1611, 1591 
cm."1, Anax, 320, ~275, 263, 220, 216 my (log ¢ 2-42, 4-00, 4-19, 4-56, 4-56). The coumarone 
sublimed at 130°/10 mm., formed an unstable red picrate, gave no colour with alcoholic 
ferric chloride, formed a cherry-red solution in cold sulphuric acid, and like the 6-methoxy- 
analogue, did not decolorise permanganate in acetone. 

Ethyl 7-Chloro-4 : 6-dimethoxy-3-methylcoumarone-2-carboxylate (VIII; R = Cl, R’ = OMe, 
R” = CO,Et).—Ethyl 2-acetyl-6-chloro-3 : 5-dimethoxyphenoxyacetate (XIII; R= Et) 
(15-8 g.) was heated under reflux for 1 hr. in a solution of sodium (1 g.) in ethanol (50 ml.). 
The cooled solution was diluted with water (750 ml.), and the coumarone-carboxylate (2-7 g.) was 
filtered off and crystallised from ethanol in needles, m. p. 172—173° (Found: C, 56-1; H, 5-1; 
Cl, 11-95. C,,H,,O,Cl requires C, 56-3; H, 5-1; Cl, 11-9%), vnax, 1712 cm."}, Amax 312, 298, 245, 
230 my (log ¢ 4-32, 4-37, 4-34, 4-30). Acidification of the filtrate with dilute hydrochloric acid 
gave 2-acetyl-6-chloro-3 : 5-dimethoxyphenoxyacetic acid (XIII; R = H) (11-2 g.), m. p. 143°. 
In some experiments the acidic product consisted of the 1:1 mixture of (XIII and XIV; 
R = BH). 

7-Chloro-4 : 6-dimethoxy-3-methylcoumarone-2-carboxylic Acid (VIII; R=Cl, R’ = OMe, 
R” = CO,H).—tThe above ester (895 mg.) was warmed at 40° with sodium hydroxide (6 g.) in 
50% aqueous ethanol (100 ml.) for 10 min. - Dilution with ice and water and acidification 
afforded the acid (790 mg.), m. p. 283—286°. Sublimation at 150°/10°5 mm. gave plates, m. p. 
310° (decomp.) (Found: C, 53-4; H,4:3%; equiv., 273. C,,H,,O;Cl requires C, 53-3; H, 41%; 
M, 271), Vmax, 1671 cm.", Amax, 293, 238 my (log ¢ 4-26, 4-31). 

The methyl ester, prepared with diazomethane, crystallised from methanol in plates, m. p. 
196° (Found: C, 54-4; H, 4:6; OMe, 33-0. C,,;H,,0,;Cl requires C, 54-85; H, 4-6; 30Me, 
32-7%), Vmax. 1713 cm.*. Hydrolysis of the ester (600 mg.) for 30 min. at 60° with sodium 
hydroxide (3 g.) in 1 : 1 aqueous ethanol (50 ml.) regenerated the free acid (500 mg.). Treatment 
of the acid chloride, obtained from the carboxylic acid and thionyl chloride in pyridine as an 
orange gum, with ethereal diazomethane yielded the diazo-ketone (VIII; R = Cl, R’ = OMe, 
R” = CO-CHN,) which formed pale yellow needles, m. p. 118—120°, from ether (Found: 
C, 52-6; H, 3-6; N, 9-6. C,,;H,,O,N,Cl requires C, 53-0; H, 3-8; N, 9-5%). 

Attempted Wolff rearrangement of the diazo-ketone (600 mg.) by the method used previously 
gave only 7-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-carboxylic acid (VIII; R= Cl, 
R’ = OMe, R” = CO,H) (530 mg.), m. p. 250—260° (decomp.). 

Heating the acid (200 mg.) in quinoline (0-5 ml.) with copper brenze (100 mg.) at 190—195° 
for 5 min., followed by recovery of the product in ether, gave 7-chloro-4 : 6-dimethoxy-3- 
methylcoumarone (150 mg.), m. p. 143°, identical (mixed m. p. and infrared spectrum) with 
material prepared above. 

7-Chloro-2-formyl-4 : 6-dimethoxy-3-methylcoumarone (VIII; R==Cl, R’ = OMe, R” = 
CHO).—Anhydrous hydrogen cyanide (200 ml.) was added to a solution of 7-chloro-4 : 6-di- 
methoxy-3-methylcoumarone (142 g.) in ether (6 1.) at 0°. A fast stream of dry hydrogen 
chloride was passed into the mixture at 0—5° until absorption ceased (6 hr.). The solution 
was kept at 0° overnight; the green aldimine hydrochloride was filtered off, washed with ether, 
and hydrolysed with water (101.) at 100°. Filtration gave the aldehyde (110 g.), m. p. ca. 140°. 
After 24 hr. a second crop of the aldimine hydrochloride separated from the ethereal mother- 
liquors, giving a further 27 g. of aldehyde on hydrolysis. The yellow colour was removed by 
passing a benzene solution of the aldehyde through alumina (pH 4; 60 x 2 cm.), and the 
product was crystallised from benzene, ethanol, or acetone. Sublimation at 130°/10™ mm. and 
recrystallisation from acetone gave prisms, m. p. 183° (Found: C, 56-7; H, 445; Cl, 13-7; 
OMe, 24-15. C,,H,,0O,Cl requires C, 56-6; H, 4-45; Cl, 14-9; 20Me, 24-35%), Vmax. 1662 cm.*, 
Amax. 341, 312, 253 my (log ¢ 4-24, 4-16, 4-28). The 2: 4-dinitrophenylhydrazone formed crimson 
plates, m. p. 312°, from acetone (Found: C, 49-4; H, 3-7; N, 12-8. C,sH,,0,N,Cl requires 
C, 49-7; H, 3-5; N, 12-9%). 

The azlactone, prepared by the method of Foster ef al.,* formed crimson needles, m. p. 235°, 
from ethyl acetate (Found: C, 63-0; H, 4:3; N, 3-5; Cl, 8-7. C,,H,,O,;NCI requires C, 63-3; 
H, 4-0; N, 3-5; Cl, 8-9%). Alkaline hydrolysis of the azlactone gave, after clearing with 
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sulphur dioxide and acidification, not the expected pyruvic acid, but 7-chloro-4 : 6-dimethoxy- 
2: 3-dimethylcoumarone (VIII; R= Cl, R’ = OMe, R” = Me), which formed plates, m. p. 
290°, from methanol (Found: C, 59-6; H, 5:2; OMe, 25-3. C,,H,,;0;Cl requires C, 59-9; 
H, 5:45; 2OMe, 25-7%), vmax, 1621 (aromatic) and 1596 cm.1 (C=C). Oxidation of the aldehyde 
with potassium permanganate in aqueous acetone gave 7-chloro-4 : 6-dimethoxy-3-methyl- 
coumarone-2-carboxylic acid (VIII; R = Cl, R’ = OMe, R” = CO,H), m. p. 310° (decomp.), 
identical (infrared spectrum) with the acid obtained by hydrolysis of the ethyl ester. 

7-Chloro-4 : 6-dimethoxy-3-methylcoumarone-2-8-propionic Acid (VIII; R = Cl, R’ = OMe, 
R” = [CH,],°CO,H).—(i) The above coumarone (2-26 g., 1 mol.) and $-propiolactone (720 mg., 
1 mol.) were heated together under reflux for 4 hr. The cake formed on cooling was dissolved 
in ether (200 ml.); the solution was filtered and extracted with sodium carbonate solution. 
Acidification of the extract gave a brown acidic product (720 mg.), m. p. 118—128°, which was 
chromatographed on silica (10 g.; pH 7) in benzene, giving a cleaner product (630 mg.), m. p. 
119—130°, raised to 123—130° by recovery from the silver salt. 

An ethereal solution of a sample of the acid with diazomethane gave the methyl ester which 
formed prisms, m. p. 102°, from methanol (Found: C, 57-9; H, 5-6. C,,H,,O,;Cl requires C, 57-6; 
H, 5-5%), Vmax. 1739 cm. (ester C=O), Amax. 320, 294, 278, 265, 226, 223, 219 my (log ¢ 2-61, 3-30, 
4-05, 4-27, 4:53, 4-52, 4-52). The remaining acid (500 mg.) was methylated as above and 
chromatographed in benzene on alumina (pH 4; 10 x 1 cm.). Elution of the pale-blue- 
fluorescent band with ether gave the pale yellow ester (350 mg.). Hydrolysis with n-ethanolic 
hydrochloric acid regenerated the acid as pale brown plates. Sublimation at 120—125°/10 
mm. and recrystallisation from aqueous ethanol gave the acid as prisms, m. p. 134—135° (Found: 
C, 56-2; H, 5-1; Cl, 119%; equiv., 293. C,,H,,O,Cl requires C, 56-3; H, 5-1; Cl, 11:9%; 
M, 299), Vmax, (Nujol “‘ mull ’’) doublet, 1722, 1706 cm.7+; (in CHCl,) 1716 cm.+. 

(ii) Through 17-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-acrylic Acid (VIII; R=Cl, 
R’ = OMe, R” = CH:CH-CO,H).—A mixture of 7-chloro-2-formyl]-4 : 6-dimethoxy-3-methyl- 
coumarone (4 g.), malonic acid (6-7 g.), piperidine (330 mg.), and pyridine (17 ml.) was heated 
at 100° for 1 hr., and at 120° for 10 min. Acidification of the cooled solution gave a precipitate 
(6-1 g.; m. p. 230—240°), extraction of which with sodium carbonate solution left a residue of 
7-chloro-4 : 6-dimethoxy-3-methylcoumarone (1-3 g.). Acidification of the alkaline extract 
precipitated the acrylic acid (4-75 g.), m. p. 243—-247°, which formed yellow needles, m. p. 252°, 
from benzene (Found: C, 56-9; H, 4-6; Cl, 11:9. (C,,H,,0,Cl requires C, 56-7; H, 4-4; 
Cl, 11-95%), Vmax. 1692, 1676 cm. (doublet) (this acid was insoluble in the solvents used for 
infrared spectra in this region), Aggy 329, 255 my (log « 4-44, 4-04). 

The methyl ester, prepared with methanolic sulphuric acid or with diazomethane in benzene 
followed by chromatography, formed prisms, m. p. 179°, from methanol (Found: C, 57-8; 
H, 5-1; OMe, 29-5. C,;H,,0,Cl requires C, 57-95; H, 4:9; 30Me, 29-9%), vax, 1709 cm.7}. 

Reduction of the Acrylic Acid.—(a) The once crystallised acid (102 mg.) in acetic acid (50 ml.) 
was added to a suspension of Raney nickel (ca. 0-2 g.) in ethanol (2 ml.) and hydrogenated at 
room temperature and pressure until absorption ceased (1 mol. in 8 hr.). Filtration gave a 
green solution which was concentrated to ca. 5 ml. in vacuo. Water (100 ml.) was added and, 
after storage at 5° overnight, the pink solid (60 mg.), m. p. >360°, was collected. It was 
stirred with cold dilute hydrochloric acid for 1 hr., and the mixture filtered, giving a pale yellow 
acid (35 mg.), m. p. 90—95°. Purification through the sodium salt and crystallisation from 
light petroleum (b. p. 60—80°) gave 7-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-8-propionic 
acid, identical (mixed m. p. and infrared spectrum) with the product obtained by method (i). 

(0) A solution of the crude acrylic acid (93 g.) in 0-1N-sodium hydroxide (3-5 1.) was 
hydrogenated at room temperature and pressure in the presence of 5° palladium-strontium 
carbonate (50 g.). Absorption ceased after 8 hr. (0-64 mol.). Charcoal (10 g.) was added and 
the filtered solution was acidified, giving a pale brown solid (38 g.) and sticky material which 
was reprecipitated from sodium hydroxide solution, giving more product (5g.). The product 
was chromatographed in benzene on silica (pH 7; 20 x 1-5cm.), giving the acid (VIII; R = Cl, 
R’ = OMe, R” = [CH,]),°CO,H) (39 g.), m. p. 133—135°, identical (mixed m. p. and infrared 
spectrum) with material obtained as described above. 

(c) A solution of the pure acrylic acid (56 g.; m. p. 252°) in 0-1N-sodium hydroxide (2-3 1.) 
was hydrogenated as in (b). Absorption (2 mol.) was complete in 1 hr. Extraction of the 
acidified solution with ether and with chloroform and recovery from the extracts gave intractable 
solids, m. p. 88—95° (42 g.) and 82—87° (7-8 g.) severally. Methylation of the combined 
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products with ethereal diazomethane gave a pale yellow oil (50-7 g.), which was chromatographed 
in benzene on alumina (30 x 2-5 cm.). The single bright blue band was fractionally eluted 
with benzene, giving as main fractions colourless needles (6-3 g.), m. p. 104—106°, from benzene- 
light petroleum (b. p. 60—80°), and colourless prisms (A) (3-6 g.), m. p. 988—100°, from methanol. 
Further elution gave colourless gums (37 g.) (B). 

The needles crystallised from methanol as prisms, m. p. 107—108°, of methyl 7-chloro-4 : 6- 
dimethoxy-3-methylcoumaran-2-8-propionate (XV; R = Cl, R’ = Me) (Found: C, 57-0; H, 6-2; 
Cl, 11:5. C,;H,,0;Cl requires C, 57-2; H, 6-1; Cl, 11-25%), vax 1731 cm.". 

Hydrolysis of the above ester (203 mg.) with boiling N-sodium hydroxide (1-5 hr.) gave 
laths (190 mg.), m. p. 147—148°, of 7-chloro-4 : 6-dimethoxy-3-methylcoumaran-2-B-propionic 
acid (XV; R=Cl, R’ = H) (Found: C, 55-7; H, 5-7; Cl, 11-4; OMe, 20-9. (C,,H,,0,Cl 
requires C, 55-9; H, 5-7; Cl, 11-8; 20Me, 20-6%), vmax 1716 cm.*?. 

The material (A) recrystallised from methanol in prisms (2-7 g.), m. p. 102°, identical (mixed 
m. p. and infrared spectrum) with methyl 7-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-6- 
propionate (VIII; R= Cl, R’ = OMe, R” = [CH,],°CO,Me). Alkaline hydrolysis as above 
gave the corresponding acid (1-9 g.). Material (B) gave an intense blue colour with nitric acid. 
It was rechromatographed and the single band was eluted in 10 equal fractions with benzene; 
fractions 2 and 8 were again chromatographed. Fraction 2 gave an uncrystallisable gum 
consisting essentially of methyl 4 : 6-dimethoxy-3-methylcoumaran-2-8-propionate (XV; R =H, 
R’ = Me) (Found: C, 64-1; H, 7-0; OMe, 32-8. C,;H, 0, requires C, 64-25; H, 7-2; 30Me, 
33-2%), Vmax. 1728 cm.4. Hydrolysis as above yielded 4 : 6-dimethoxy-3-methylcoumaran-2-B- 
propionic acid (XV; R= R’ = H) as prisms, m. p. 114°, from ether-—light petroleum (1: 1) 
(Found: C, 63-2; H, 6-8; OMe, 21-8%; equiv., 265. C,,H,,0O, requires C, 63-2; H, 6-8; 
20Me, 23:3%; M, 266), vmax 1716 cm.7}. 

Material from fraction 8 was hydrolysed as described above, giving a product which 
crystallised from 1:1 ether-light petroleum. Hand-picking of crystals followed by recrystal- 
lisation gave 4 : 6-dimethoxy-3-methylcéumarone-2-8-propionic acid (VIII; R =H, R’ = OMe, 
R” = [CH,],°CO,H), m. p. 124° (Found: C, 63-5; H, 5-9; OMe, 22-9. C,,H,,O, requires 
C, 63-6; H, 6-05; 20Me, 23-5%). 

When pyridine was added in increments of 0-5% to the pure acrylic acid before reduction, 
the catalyst was poisoned before dechlorination could be eliminated. 

When <1% of piperidine was added, dechlorination and reduction to coumarans was 
inhibited, but reduction was incomplete, giving the acid (VIII; R =Cl, R’ = OMe, R” = 
[CH,],°CO,H) (40%) and some starting material. 

Dehydrogenation.—(i) The coumaran acid (XV; R = R’ = H) (2g.) was heated with sulphur 
(200 mg.) at 220° for 20 min. and at 280° for 5 min. Continuous extraction of the gummy 
black acidic fraction with light petroleum followed by hand-picking of the crystallised 
extract gave starting material (320 mg.), m. p. 110—112°, and the required coumarone- 
propionic acid (VIII; R =H, R’ = OMe, R” = [CH,],°CO,H) (540 mg.), m. p. and mixed 
m. p. 124°. 

(ii) The gummy coumaran ester (XV; R = H, R’ = Me) (157 mg.) and o-chloranil (135 mg.) 
in chloroform (5 ml.) were stored in the dark for 1-5 hr. The recovered product in benzene was 
passed through a column of alumina (10 x 0-7 cm.), and the pale blue band eluted with benzene, 
giving a colourless glass (135 mg.) which formed prisms (115 mg.), m. p. 115—117°, from 1: 1 
ether-light petroleum. Further recrystallisation from methanol raised the m. p. of the 
coumarone—tetrachlorocatechol complex to 117° (Found: C, 48-15; H, 3-7; Cl, 26-85; OMe, 18-6. 
C,;H,,0,;C1,C,H,O,Cl, requires C, 48-0; H, 3-7; Cl, 27-1; 30Me, 17-7%). Alkaline hydrolysis 
of the complex gave an acidic gum, which formed plates of the coumarone-propionic acid 
(VIII; R=H, R’ = OMe, R” = [CH,],°CO,H), m. p. 122—124° (from 1:1 ether-—light 
petroleum). 

Ethyl «a-Acetyl-B-oxo-7-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-y-valervate (X; R=Cl, 
R’ = OMe).—A solution of 7-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-8-propionic acid 
(23-5 g.) in dry chloroform (500 ml.) was treated with phosphorus pentachloride (20 g.) and 
heated under reflux for 0-5 hr. Volatile products were removed at 30° in vacuo and the residue 
kept at 12 mm. for 4 hr. Ethyl ethoxymagnesioacetoacetate (12 g.) was added to a solution 
of the residue in ether (1-5 1.), and the mixture was boiled for 24 hr. 40% Acetic acid (250 ml.) 
was added and the ethereal layer was washed with sodium carbonate solution, from which the 
propionic acid (VIII; R = Cl, R’ = OMe, R” = [CH,],°CO,H) (5-9 g.) was obtained. 
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Recovery of the ethereal solution gave a fluorescent orange oil (25 g.) which was chromato- 
graphed in ether on alumina (15 x 1-5 cm.) and gave the following bands on elution, first, 
a bright blue-fluorescing band giving the ester (VIII; R = Cl, R’ = OMe, R” = [CH,],°CO,Et) 
(800 mg.) as rosettes, m. p. 74—76°, from ethanol, and then an orange-red band with intense 
green fluorescence, giving an orange oil (18 g.). Heating at 110°/10°* mm. for 2 hr. removed 
excess of ethyl acetoacetate, leaving a gum (14 g.), ¥max 1737, 1718, 1621, 1600 cm.+, which 
gave a cherry-red colour with ethanolic ferric chloride and formed no stable ketonic derivatives. 
The gum (12 g.) in ether (100 ml.), when shaken with saturated aqueous copper acetate, deposited 
blue crystals (2-8 g.), m. p. 159—162°. These, combined with a further 6 g. obtained as below, 
crystallised from chloroform in pale blue prisms, m. p. 164°, of the a-copper derivative of the 
required keto-ester (X; R = Cl, R’ = OMe) [Found: C, 54-0; H, 5-2; Ci, 8-2. (CygH,,0,Cl),Cu 
requires C, 54-3; H, 5-0; Cl, 8-05%]. 

Evaporation of the ether layer gave a green gum which was fractionally crystallised from 
methanol, giving the a-chelate (6 g., see above) and the 8-derivative (1-8 g.) as green prisms, 
m. p. 98—100° (from ethanol) (Found: C, 54-1; H, 5-1; Cl, 7-85%). On continued heating 
at 120—130° it was converted into the a-isomer. 

Ethyl 7-Chloro-4 : 6-dimethoxy - 2’ -methyl-3-methylene -4’ - oxogris - 2’ -en-3'- carboxylate (XI; 
R = Cl, R’ = OMe).—(a) A mixture of the 8-copper derivative (1-4 g.) and polyphosphoric acid 
(20 g.) was kept at room temperature for 10 days, diluted with ice and water (50 ml.), and 
extracted with ether. The dried ethereal extract was washed with sodium carbonate solution, 
then evaporated to a brown gum (1-18g.). The gum was chromatographed in benzene on alumina 
(16 x 1-5 cm.), and the column was eluted with benzene, giving the following fluorescent bands: 
(i) A narrow blue band, giving ethyl 7-chloro-4 : 6-dimethoxy-3-methylcoumarone-2-8-propionate 
(5 mg.), m. p. 72—73°, on recovery. (ii) A greenish-blue band, giving a yellow gum; when this 
was kept in ethanol pale yellow rosettes (175 mg.), m. p. 137°, separated. (iii) A blue band; 
the yellow gum recovered from it partly crystallised when kept with light petroleum, giving 
rosettes (278 mg.), m. p. 129—131°. 

Products (ii) and (iii) were recrystallised from ethanol, giving rosettes (410 mg.). Sublimation 
(120—130°/10* mm.) and recrystallisation from methanol gave needles, m. p. 137°, of the 
methylene ester (Found: C, 60-9; H, 5-3; OMe, 21-65; Cl, 8-9. C,,H,,O,Cl requires C, 61-1; 
H, 5-4; OAlk as OMe, 21-05; Cl, 9:0%), vmax, 1731 (ester C=O), 1680 (conjugated cyclohexenone 
C=O), 1638 (=CH,), 1610 cm. (aromatic ring), Ana, 282, ~275, and 253 my (log ¢ 4-30, 4-28, 
4-57). The ester gave a very intense blue Ehrlich reaction and decolorised permanganate. 

(b) The «-copper derivative {500 mg.) and polyphosphoric acid (20 g.) were heated at 70—80° 
for lhr. Recovery as described above gave the required methylene ester (210 mg.), m. p. 137°. 

(c) A mixture of the a-derivative (1-8 g.) and polyphosphoric acid (30 g.) was kept at room 
temperature for 10 days and worked up as above. Acidification of the alkaline extract gave 
the coumarone-2-8-propionic acid (600 mg.). No methylene ester was formed (negative 
Ehrlich test), and some copper derivative (600 mg.) was regenerated by shaking the acid with 
aqueous cupric acetate. Chromatography of the remaining gum (320 mg.) gave the ethyl 
coumarone-2-8-propionate (120 mg.) and a trace of an unidentified compound (5 mg.), m. p. 
181—182° (after 2 recrystallisations from methanol) (Found: C, 61-1; H, 5-7. C,,;H,,0,Cl 
requires C, 60-7; H, 5-8%). Infrared maxima at 1713, 1640, and 1614 cm."! support its 
assignment as 7-chloro-4 : 6-dimethoxy-3-methyl-2-3'-oxobutylcoumarone (VIII; R=Cl, R’ = 
OMe, R” = [CH,],-COMe). 

Attempted cyclisation of the crude free keto-ester (1-0 g.) with polyphosphoric acid (10 g.) 
at room temperature for 1 hr. and then at 70—80° for 3 min. gave the acid (VIII; R = Cl, 
R’ = OMe, R” = [CH,],°CO,H) (900 mg.) as the only isolable product. Similar results were 
obtained at room temperature (24 hr.) and at 80° (0-5 hr.). 

7-Chloro-4 : 6-dimethoxy-2’-methylgris-2’-en-3 : 4’-dione (XII; R = Cl, R’ = OMe, 
R” = H).—(a) The above methylene ester (248 mg.) in carbon tetrachloride (15 ml.) was 
ozonised for 8 min. at room temperature (ozone output ca. 4 mg./min.). Solvent was removed 
tm vacuo, and the residue in ether (20 ml.) and acetic acid (10 ml.) was cooled in ice during the 
addition of water (2 ml.) and zinc dust (100 mg.). After 12 hr., water (20 ml.) was added, and 
the ether layer was separated, combined with ether-washings of the aqueous layer, and extracted 
with sodium hydrogen carbonate solution. 

The gum recovered from the ethereal extract was chromatographed in benzene on alumina 
(15 x 0-8 cm.). Elution gave the following fluorescent bands: (i) A lower pale blue band 
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which was eluted with benzene, giving starting material (12 mg.), m. p. 134—136°. (ii) A blue 
band; elution with benzene—methanol (100: 1) gave a gum which crystallised from methanol 
in rosettes (10 mg.), m. p. 164—167°, which, recrystallised from ethanol, gave the coumaranone 
(XII; R= Cl, R’ = OMe, R” = H) as rosettes (8 mg.), m. p. 167—168° (Found: C, 59-4; 
H, 4-5; Cl, 11-1. C,,H,,0,Cl requires C, 59-5; H, 4-7; Cl, 11-0%), vmx 1718 and 1683 cm.-}, 
Amax. 923, 291, 235, 213 my (log e 3-70, 4-30, 4-19, 4-42). (iii) A blue band, eluted with benzene— 
methanol (20: 1), gave a gum which when sublimed then crystallised from methanol afforded 
3-chloro-2-hydroxy-4 : 6-dimethoxyacetophenone (100 mg.). Recovery from the sodium 
hydrogen carbonate extract of the reaction product gave chlorine-free acidic gums (2 mg.). 

(b) A solution of the methylene ester (137 mg.) in carbon tetrachloride was ozonised for 0-5 hr. 
(ozone output 0-6 mg./min.). Removal of solvent im vacuo gave a gum which was kept under 
water (25 ml.) overnight. The product was extracted with ether, and the extract was shaken 
with sodium hydrogen carbonate and with sodium hydroxide solution. Acidification of the 
alkaline extracts, and recovery, gave a chlorine-free solid (10 mg.) and 3-chloro-2-hydroxy-4 : 6- 
dimethoxyacetophenone (30 mg.) respectively. The gum obtained from the ethereal solution 
was chromatographed in benzene on alumina (20 x 0-5cm.). Fractional elution of the broad 
band gave: (i) starting material (6 mg.), m. p. 134—136° (eluted by benzene). (ii) a colourless 
gum (27 mg.) (eluted by benzene—methanol 200: 1), and (iii) a pale yellow gum (21 mg.) (eluted 
by benzene-methanol 40:1). Crystallisation of product (iii) gave needles (1-2 mg.), m. p. 
143—149°, which were not further investigated. Product (ii) crystallised from methanol, 
giving rosettes (13 mg.) of ethyl 7-chloro-4 : 6-dimethoxy-3 : 4’-dioxogris-2’-en-3’-carboxylate (XII; 
R = Cl, R’ = OMe, R” = CO,Et), m. p. 168—171°, raised to 174° by crystallisation from 
ethanol (Found: C, 57-5; H, 4:9; OMe, 21-3. C,,H,,O,Cl requires C, 57-8; H, 4-85; OAlk 
as OMe, 20:9%), vmax. 1739, 1705, 1684, 1623, 1593 cm.1. The ester was not hydrolysed with 
boiling 1—10n-hydrochloric acid, and alkaline hydrolysis caused degradation. 

Reduction of 7-Chlovo-4 : 6-dimethoxy-2’-methylgris-2’-en-3 : 4’-dione (XII; R=Cl, R’ = 
OMe, R” = H).—The dione (10 mg.) in ethyl acetate (1 ml.) was added to a previously reduced 
catalyst prepared from palladium chloride (5 mg.) and charcoal (20 mg.) in water (1 ml.). The 
mixture was shaken in hydrogen at room temperature and pressure for 6 hr. (absorption com- 
plete in 3 hr.). The recovered gum (9 mg.) in benzene (0-5 ml.) was chromatographed on 
alumina (20 x 0-2 cm.). Elution of the column removed the following fluorescent bands 
(eluant in parentheses): (i) a bright blue forerun (benzene); (ii) a darker blue band (ether); 
(iii) a top bright blue band (benzene—methanol, 50:1). The gums recovered from each fraction 
were chromatographed on circular papers (Whatman No. 1). The spot containing fraction (i) 
was developed with ether—-methanol (1: 1), giving an inner stationary ring and a mobile outer 
ring. The latter was cut from the paper in ultraviolet light and eluted with ether—methanol, 
giving a gum, which was crystallised twice from methanol, giving prisms (0-6 mg.), m. p. 
150—154°, identical (mixed m. p. and infrared spectrum) with the racemate of (/,d)-7-chloro- 
4 : 6-dimethoxy-2’-methylgrisan-3-one (II). The central spot on the paper yielded a trace of 
gummy alcohol (infrared spectrum). 

Product (ii) was chromatographed as above. A narrow mobile outer ring was identified as 
the racemate of (/,d)-ketone (II) (0-5 mg.). The central spot was cut out and eluted with 
methanol, giving a cluster of prisms (0-9 mg.), m. p. 170—175°, of the racemate of (d,d)-7-chloro- 
4 : 6-dimethoxy-2’-methylgrisan-3 : 4’-dione (III). The infrared spectrum in chloroform was 
identical with that of the (d,d)(i.e., 2R : 2’R)-diketone (III) * and distinct from that of the 
(i,d)(i.e., 2S : 2’R)-form.” 


The authors are indebted to Imperial Chemical Industries Limited, General Chemicals 
Division, Widnes, for chlorinating the phloroglucinol dimethyl ether, Dr. L. A. Duncanson for 
the infrared spectra, Mr. J. F. Grove for initiating this work and for his continued interest in it, 
and to several colleagues for valuable discussion. 
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441. Charge-transfer Complexes and the Mechanism of Aromatic 
Substitution. Part I. General Theory. 


By R. D. Brown. 


A mechanism of aromatic substitution is proposed. It involves un- 
symmetrical charge-transfer complexes as stable intermediates and accounts 
for all of the features of electrophilic substitution reactions. The geometry 
of the unsymmetrical compiexes is elucidated from quantum-mechanical 
considerations using a “‘ configuration-interaction’’’ method. Formule for 
the activation energy are deduced; they include parameters characterising 
the particular electrophil involved in the reaction and form a basis for a 
quantitative molecular-orbital treatment of relative reactivities of aromatic 
compounds and the orientation of substitution in such compounds. 


ELECTROPHILIC aromatic substitution was until recently believed to proceed by way of a 
simple transition state (I), the electrophil,* E*, approaching the aromatic compound ArH 
somewhat to one side of the conjugated plane, the hydrogen atom on the carbon atom 
undergoing substitution being synchronously dislodged and moving away on the opposite 
side of the conjugated plane. The potential energy was imagined to pass through a simple 
maximum, corresponding to the configuration (I), along the reaction co-ordinate as shown 
. . imFig.1. This simple picture has recently been modified in an attempt to account 
Ar for certain features of electrophilic substitution reactions. One school of 
4 thought,)?;+4 in order to account for kinetic isotope effects, has suggested that 


” (I) represents an unstable intermediate: 


ArH + EF == ArHet 


ArHE* + B——m ArE+ BHT . . . ..... . fi 


where B is a base. This formulation was originally proposed by Lapworth 5 and has since 
been supported by the isolation or detection of intermediates analogous to (I).*12 How- 
ever it will be shown that it does not satisfactorily account for all features of substitution 
reactions. 

The variation of rates of de-deuteration with acidity of the strongly acidic media 
employed led another group !*:!* to propose a more elaborate mechanism : 


Ht 
AnD + H* = ; (net Sy SR a) cre es 
Ar-D 
Ht ArH 
Ar-D Dt 
Ar-H 
TR cra atl oe a a ae 


* We initially consider only the most common case of an electrophil having unit positive charge. 
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in which there is a pre-equilibrium (2a) involving the formation of an outer complex,’ 1.¢., 
one in which only slight charge transfer to the electrophil occurs. In this mechanism the 
rate-determining step is (26) in which the transition state corresponds to (I). 

Mechanism (2) is also unsatisfactory as a general mechanism of aromatic electrophilic 
substitution and we suggest a new mechanism, involving unsymmetrical charge-transfer 
complexes (or inner complexes),!5 which appears to embrace all features of the reaction. 
It will be convenient first to summarise the significant experimental features: 

(i) No kinetic hydrogen isotope effect can be detected in the nitration and bromination 
of aromatic compounds such as nitrobenzene or naphthalene! but an isotope effect is 
observed in the sulphonation of bromobenzene,?® in 
the coupling of diazonium compounds with 7-hydroxy- 
naphthalene-1 : 3-disulphonic acid,* and in the iodin- 
ation of phenol.!” 

(ii) The logarithm of the rate of de-deuteration of 
benzene derivatives varies linearly with Hammett’s 
acidity function H,.1%-14.18 

(iii) Diazonium coupling of 7-hydroxynaphthalene- 
1:3-disulphonic acid is subject to general base 
catalysis. 

(iv) Electrophilic substitution is observed when 
the electron affinity of the electrophil is greater 
than the ionisation potential of the aromatic com- 
pound, 7.e., when A = A — I is positive, and it is Fic. 1. 
not observed when A is negative.” 

(v) Electrophilic substitution and oxidation of aromatic hydrocarbons show strong 
similarities, especially with respect to orientation of products.” 

(vi) Intermediates can sometimes be isolated or detected in other ways. 

Critique of Previous Mechanisms.—The simplest mechanism, represented by Fig. 1, 
fails to account for the observations (i), (ii), (iii), and (iv). It therefore calls for no further 
detailed appraisal. 

Mechanism (1) can account for both (i) and (iii), as has been demonstrated by Zollinger.‘ 
Observation (vi) also fits neatly into this mechanism. However since the second step is a 
bimolecular reaction with a base it is not possible to account for (ii) because, according to 
the Zucker-Hammett principle,2"** this observation implies that the transition state 
resembles the conjugate acid of the substrate. It was for this reason that mechanism (2) 
was proposed. 

Mechanism (2) accounts for the observation (ii). No explanation of observations (iv) 
and (v) emerges but at first sight it does seem possible to account for observations (i) and 
(iii). Thus if the first step could be rate-determining no kinetic isotope effect would be 
observed; if (2c) could be rate-determining then base catalysis would be understandable. 
However neither the first nor the third stage of mechanism (2) can become rate-determining 
because the formation or dissociation of an outer complex requires little activation 
energy. 

The suggestion that a charge-transfer complex is involved in electrophilic substitution 
was made by Nagakura and Tanaka ” on the basis of observation (iv) but they did not 
develop this in the light of the other features of substitution reactions. Others **3 have 

15 Mulliken, ]. Phys. Chem., 1952, 56, 801. 

Berglund-Laesson and Melander, Arkiv Kemi, 1953, 6, 219. 

17 Grovenstein and Kilby, J]. Amer. Chem. Soc., 1957, 79, 2973. 

18 Mackor, Smit, and van der Waals, Trans. Faraday Soc., 1957, 58, 1309. 
19 Nagakura and Tanaka, J. Chem. Phys., 1954, 22, 563. 

20 Waters, J., 1948, 727. 

21 Zucker and Hammett, J. Amer. Chem. Soc., 1939, 61, 2791. 


22 Long, Proc. Chem. Soc., 1957, 220. 
23 Muller, Pickett, and Mulliken, J. Amer. Chem. Soc., 1954, 76, 4770. 





Potentia/ energy 











Reaction co-ordinate 


~ 
a 


= 


wo 








2226 Brown: Charge-transfer Complexes and the 


regarded charge-transfer, or inner, or c-complexes as intermediates, but with an assumed 
geometry analogous to (I), and it has just been seen that this simple picture cannot be 
reconciled with all the observations. 

The Charge-transfer Complex Mechanism.—The mechanism now suggested to correlate 
the observations on electrophilic substitution is the following, differing from mechanism (2) 
in that unsymmetrical charge-transfer complexes (II) and (III) are invoked in place of the 
outer complexes formulated in (2): 


ig 
A-H+ Et =: , (3a) 
+Ar-H (il) 
E *Are 
—= | (3b) 


i 
+ACH H (itt) 
+A-E +B 


aq Ar-E + BHt 









H 
The first step is the formation of a charge-transfer complex (II) which in the seca 
isomerises to the charge-transfer complex (III) by way of a transition state analo 
(I). The final step is the base-catalysed loss of a proton from (III). In contras® 
mechanism (2), any of the steps of (3) may be rate-determining because, as discussed in 
detail below, they all involve appreciable activation energies. It is thus possible to account 
for observations (i), (ii), and (iii). The observation (iv) is readily explained by the proposed 
mechanism because when A is positive a charge-transfer complex will form but not when A 
is negative.* Similarities between electrophilic substitution and oxidation are under- 
standable because the first step (3a) is a typical redox reaction. 

The possibility that (1) represents a stable intermediate requires that the configurations 
(II) and (III) are separated by a potential-energy minimum instead of the maximum 
envisaged here. This possibility is considered more fully later. 

Origin of the Potential Barriers——One important distinction between the proposed 
mechanism (3) and mechanism (2) is that only for the former can appreciable potential 
barriers exist for the first and the third step. The origin of these barriers in mechanism (3) 
must now be considered. The variation in potential energy accompanying the formation 
of a charge-transfer complex has been discussed by Mulliken, although he has not dealt 
with the case of interest here, 1.e., electrophil with unit positive charge, uncharged nucleo- 
phil, and A positive. It is convenient to use Mulliken’s formulation of the problem—a 
simple form of configuration-interaction treatment in which the complex is represented as 
intermediate between the configuration without charge transfer, eigenfunction Yy, and 
the configuration corresponding to the transfer of one electron from the highest occupied 
orbital of the nucleophil to the lowest unoccupied orbital of the electrophil, eigen- 
function Y’;: 


7 MPAtet Ges ss 6 ee es ow 


For positive A the separated reactants represent an excited state of the system because 
the structure E...ArH* has an energy value lower than that of the structure E*...ArH 
by an amount A. As the reactants approach, the potential energy increases (in the 
quantum-mechanical picture of the process this is due to increasing mesomerism between 
‘Y, and ',) until at some stage an electronic transition to the ground state occurs. The 
process is represented by the full line in Fig. 2. The stage at which an electronic transition 
to the ground state occurs will depend inter alia on the rate at which the reactants 
approach one another. Eventually a minimum corresponding to (II) is reached. This 
description applies to reactions in vacuum or in non-polar, non-solvating solvents, 
conditions under which substitutions involving charged electrophils do not appear to have 
been observed. 


* This criterion needs modification if the electrophil does not carry unit positive charge, or if the 
substrate is charged. 
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Mechanism of Aromatic Substitution. 


The picture is changed significantly in the presence of a solvating solvent. The electro- 
phil is solvated, often very strongly,* and thus its effective electron affinity is considerably 
reduced. The potential barrier to formation of the charge-transfer complex (II) arises 
because in the process the electrophil has to break free from its solvation sheath or at least 
the sheath has to be considerably distorted to allow a close approach of the electrophil 
and the aromatic molecule. The activation energy may thus amount to an appreciable 
fraction of the solvation energy of the electrophil in the particular solvent.t Alternatively 
the process may be viewed as the bimolecular reaction of the aromatic compound with the 
charge-transfer complex formed between the electrophil and the solvent nucleophil, 1.e., as 
an electrophil-transfer reaction. It seems likely that the effective electron affinity of the 
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electrophil is reduced in the solvation complex sufficiently to make A negative; then the 
separated reactants represent the ground state of the combined system. As the reactants 
approach one another an outer complex is formed and, as the electrophil breaks from its 
solvation sheath, its electron affinity steadily increases until A is positive and the complex 
then is to be regarded as a charge-transfer complex. The variation in potential energy 
throughout the reaction will be roughly as shown in Fig. 3. 

In certain reactions, such as the Friedel-Crafts reaction, an inert solvent is used and 
the uncharged electrophil may be considered to be a positively charged electrophil 
“ solvated ” by an anion, e.g., R-AlCl, may be regarded as the carbonium ion “ solvated ”’ 
by the AICI, ion. A related reaction provides supporting evidence for this proposed 
mechanism of substitution. Hydrogen chloride and aromatic compounds form unstable 
complexes in inert solvents at —80°, little or no activation energy being involved. They 
do not increase the conductivity of the solution and deuterium is not exchanged with the 
aromatic compound. These must be regarded as outer complexes of the type postulated 
in mechanism (2). The bare proton has an electron affinity high enough for A to be 
positive in these interactions ® but it is so strongly “ solvated ’’ by the chloride anion 
that in this combination the effective A is negative and the potential barrier to deuterium 
exchange is prohibitively high. In the presence of aluminium chloride more stable com- 
plexes are formed, the solution is an electrical conductor and deuterium is exchanged with 
the aromatic compound. Furthermore these complexes are observed to form and 
dissociate slowly. They have been recognised as inner complexes, s-complexes, or charge- 


* E.g., the solvation energy of a proton in water or similar solvents. 

+ In the case of polyatomic electrophils non-bonded repulsions between the electrophil and the 
aromatic compound may sometimes contribute to the activation energy. The rearrangement of the 
solvation sheath accompanying the formation of the activated complex will also contribute to AS?; 
however our primary concern in the present treatment is with the energetics of the mechanism. 
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transfer complexes.* Consequently it is reasonable to consider any of the steps in 
mechanism (3) as being the slow step, as is required to account for the observations listed 
above. 

Quantum-mechanical Treatment——The new mechanism leads to a fresh quantum- 
mechanical treatment of aromatic substitution. We shall first develop some general 
results. The eigenfunction of the charge-transfer complex is represented, as in eqn. (4), 
as a combination of two singlet electronic configurations,+ ‘, and ‘V’,, the energy of the 
ground state of the complex being obtained from the secular equation: 


Heo — E Ha | 
| =@ .* & & oe Pe 
Hy, Hy —& ( ) 


in which for simplicity ‘%, and ‘VY’, have been assumed to be orthogonal and the following 
symbolism has been used: 


So 
~- 


Hoy = [ Vo% Vode; Hy = [Wy V Ae; Hy = [Vy V de. «| 


where # is the total Hamiltonian for the complex. 


The electrostatic energies for the configurations E*...ArH and E...ArH* will be very 
similar and so t we may write 
ee rere: 


When A is positive the solution of (5) of lower energy is 
E, = Hu — {A+ (A? 4+ 4Hy2)H/2 0. ww ee C8) 


Now except in special cases where A happens to be small, the resonance energy Ho, for 
interaction of the two configurations will be small compared with A. In this case eqn. (8) 
simplifies to 

E,=H,-—A-H,f/4 ....... & 


This approximation more clearly reveals the main factors determining the energy of form- 
ation of the complex although in the numerical calculations reported in Part II exact 
formule equivalent to (8) have been used. 


* The formation of the charge-transfer complex might be regarded as a bimolecular reaction between 
the electrophil AlCl, and the outer complex, the Cl~ nucleophil being transferred to the aluminium 
chloride to form an anion such as AICl,~ and the “ desolvated’’’ proton remaining bound to the aromatic 
compound in a charge-transfer complex. The observed deuterium exchange would occur by isomer- 
ization of the complex as in step (3b). An alternative interpretation of the charge-transfer complex 
being formed by a reaction between HAICI, and the aromatic compound must be rejected because there 
is no indication of any compound formation between HCl and AICI,.24 The properties of complexes 
formed by interaction of HBr, AlBr,, and aromatic compounds,** and by interaction of HF, BF;, and 
aromatic compounds ** may be interpreted similarly. It is significant that the relative stabilities of 
these charge-transfer complexes closely parallel the ease of electrophilic substitution in the substrates.** 

+ Configurations of the type E~...ArH** (represented by a configurational function Ya, say), corre- 
sponding to a transfer of two electrons, are neglected on the grounds that the electron affinity of E is 
always much lower than that of E* and the ionization potential of ArH* is always much higher than 
that of ArH. Therefore Hgg would represent a higher energy than Ho, and a considerably higher energy 
value than H,, and thus ‘Yy will not make a significant contribution to the total eigenfunction of the 
complex. In special cases it may happen that ‘¥z and Y, have comparable energy values so that Fa 
may make a contribution to the total eigenfunction similar to the small contribution made by , but 
this aspect has not been explored further in the present study. 

¢ The validity of this assumption is confirmed by the success with which calculated relative rates 


of nitration of polycyclic hydrocarbons, reported in Part II, based on equations (8) and (15), correlate 
with the observed rates. 


** Baddeley, Quart. Rev., 1954, 8, 355. 
25 H. C. Brown and Wallace, J. Amer. Chem. Soc., 1953, 75, 6268. 
*6 McCauley and Lien, J. Amer. Chem. Soc., 1951, 78, 2013. 








en 


~ fa fra «em bod 


XU 








(1959) Mechanism of Aromatic Substitution. Part I. 2229 


If the energy of the separated reactants is E° and we put H, — E° = X then the 
energy of formation of the charge-transfer complex from the reactants im vacuo is * 


ee oe ee 


In the presence of a solvent a change in the solvation energy of E* accompanying the 
formation of the complex must be added to the right-hand side of (10). If the energy 
required to desolvate the electrophil is Y then, in the presence of a solvent: 


AE=X+Y-—A-H,7/A ...... (Id) 
A similar expression will apply for the activation energy for the first step: 
AEt = X++ Yi— At—HAy?/At . . 1. (12) 


in which values of the quantities appropriate to the activated complex are indicated by +. 

One consequence of (12) is that if solvation effects are similar for two different electro- 
phils then the greater the value of A+, i.e., the greater the electron affinity of the electrophil, 
the lower will be the first potential barrier. This may account for the fact that in the case 
of attack by a proton, which has a higher electron affinity than that of other common 
electrophils, the formation of the charge-transfer complex is not rate-determining whereas 
when the electrophil is NO,* or Br*, of lower electron affinity than H*, the first step is 
rate-determining. : 

For reaction of different aromatic compounds with a given electrophil in a given solvent 
the greater the value of At, and, to a smaller extent, the greater the value of H,,**, the 
smaller is the activation energy for the first step. Thus when the first step is rate- 
determining the reaction is faster the lower the ionisation potential of the aromatic com- 
pound and the positions preferentially attacked are those for which H,,*? is greatest. 

The depeadence of the energy of the first transition state upon H,,** shows that the 
geometry of the transition state will be that for which H,,** is as great as possible (limit- 
ations by non-bonded repulsions, etc., being borne in mind). According to the principle 
of maximum overlapping,”’ it will be that for which the lowest-energy vacant orbital of 
the electrophil most strongly overlaps the highest occupied molecular orbital of the 
aromatic compound. Every molecular orbital has a local maximum magnitude in the 
vicinity of each conjugated nucleus (except when this coincides with a node), as is clear 
when the x-orbitals are successfully represented by linear combinations of atomic 2z- 
orbitals. The electrophil will therefore be situated immediately above an atom of the 
conjugated system to obtain maximum overlap with a 2z-orbital, as shown in Fig. 4. A 
series of isomeric charge-transfer complexes may be pictured in which the electrophil is 
located above each of the conjugated atoms. If the conjugated atom has an attached 
hydrogen atom then the complex in which the electrophil is located in this atom may 
isomerise by way of an activated complex (I), E and H changing places, corresponding to 
the process (3b), and leading to a substituted product upon deprotonation. When the 
formation of (II) is rate-determining the proportions of isomers will be determined by 
the relative stabilities of the isomeric complexes (II) and so by the relative values of 
H,,** for the various positions around the conjugated system. The simple LCAO 
molecular-orbital theory provides a means of estimating the variation in H,,** and hence 
predicting orientations and relative reactivities of positions in aromatic compounds. This 
aspect is explored in detail in Part II. It may be seen however from (12) that, since the 

* A term representing the increase in energy arising from non-bonded repulsions between the 
aromatic compound and parts of the electrophil (especially when this is polyatomic) not directly involved 
in the electron-transfer interaction should strictly be included in equations (10), (11), and (12). Such 
interactions must be assumed to be constant for a given electrophil, and independent of the aromatic com- 
pound and of the position attacked by the electrophil. Although this effect has not been explicitly 


considered in previous treatments of chemical reactivity, such treatments implicitly involve this 
assumption. 


#7 Mulliken, J. Amer. Chem. Soc., 1950, 72, 4493. 
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greater the value of At the more rapid is the reaction, for rapid reactions the activation 
energy is less sensitive to values of Hp,**, i.c., the electrophil discriminates less between 
the various positions of the aromatic system. In fact it will be shown in Part II that 
quantitative aspects of the selectivity of electrophils noticed by Brown and Nelson *% may 
be deduced from eqn. (12). 

Quantum-mechanical estimations of the energies of structures of the type (I) have been 
made by an alternative procedure **.% jn which conjugation of the orbitals of the 
electrophil and the outgoing hydrogen with the aromatic system is treated by the LCAO 
molecular-orbital procedure, an antisymmetric combination of the E and H orbitals being 
regarded as a “‘ pseudo-z-orbital.” This type of treatment could equally well be used for 
the unsymmetrical complexes of type (II) but it suffers from a difficulty, noticed 
particularly by Fukui e¢ al., that if the pseudo-orbital is assigned a Coulomb parameter 
greater than that of a carbon orbital, as would be assumed from the known electron 
affinities of typical electrophils,” the final x-electron density in the pseudo-orbital becomes 


E 
Fic. 4. 
A, 2pm Orbital. 
D, Conjugated plane perpendicular to paper. 
o—cC c H 





considerably greater than unity. Fukui e¢ al. tried to overcome this by incorporating the 
dependence of Coulomb parameter on x-electron density into the treatment but they did 
not find this feasible for numerical calculations. 

The present “ configuration-interaction "’ method overcomes this difficulty because we 
include only configurations with 0 or 1 electron in the electrophil-orbital, so that the 
electron density in this orbital cannot exceed unity. Furthermore it happens that the 
“ configuration-interaction ” treatment is particularly suited to numerical work, it being 
possible to develop a numerical index of reactivity corresponding to an exact solution of 
secular equations similar to (5) or (15). The alternative treatments are based either on 
idealised forms of (I) *4 or on quantities such as “‘ superdelocalisabilities ’’ which come from 
approximate solutions of secular equations. A numerical comparison of the methods is 
made in Part IT. 

Extent of Charge Transfer.—The extent of charge transfer, 7, is given by the weight of 
the charge-transfer configurations in the eigenfunction ¥ of the complex. If ‘Y is normal- 
ised then [see eqn. (4)] T = 1 — a,?._ From (5) and (9) one finds 

ig oo 06” Ede ee ee ak ae ee 
showing that charge transfer is less complete the greater the extent of resonance inter- 
action between the electrophil orbital and the aromatic orbital, and more nearly complete 
the greater the value of A. In the case of the nitration some values of T are estimated 
in Part II by use of equation (13). The values vary from almost unity in the great majority 
of cases to a more moderate value for exceptional aromatic compounds such as benzene 
(J = 0-75). Thus the formule in equations (3), implying complete charge transfer (i.e., 


** H. C. Brown and Nelson, J. Amer. Chem. Soc., 1953, 75, 6292. 

*® Fukui, Yonezawa, and Nagata, Bull. Chem. Soc. Japan, 1954, 27, 423. 
%* Fukui, Yonezawa, and Nagata, ]. Chem. Phys., 1957, 27, 1247. 

3! R. D. Brown, Quart. Rev., 1952, 6, 63. 
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T = 1), are an accurate representation of the charge distribution in the charge-transfer 
complexes. 

Charge Transfer from All Occupied Orbitals.—In the preceding treatment it was supposed 
that the electron transfer involved only the highest occupied orbital of the aromatic com- 
pound. In some cases the highest occupied orbital is degenerate and in other cases the 
two highest occupied orbitals are nearly degenerate. When configurations arising from 
charge-transfer from degenerate uppermost filled orbitals are considered the solution of 
the secular equations having lowest energy is: 


E, = Ho — {A+ (427+ 4D>)H/2 2 2 2 ee (4) 


where > represents the sum of squares of resonance integrals over the degenerate orbitals : 


> _ D4. oi” 
When charge-transfer from the two uppermost nearly degenerate orbitals is considered a 
cubic equation in the energy is obtained from the secular determinant. This is considered 
explicitly in Part II. It is not difficult to write down the equation for the energy when 
configurations arising from charge-transfer from all occupied orbitals are included in the 


treatment. Itis: 
; H,4* , ‘ 


and the most positive solution corresponds to the energy of the transition state for step (3a) 
where 

W =H,'—E 

A;* = Hy*.— H;;* = At —_ I; 


and J; is the ionisation potential of the aromatic compound for ionisation from the jth 
occupied molecular orbital. The summations and products in (15) are taken over all 
occupied molecular orbitals. 

The activation energy for formation of the charge-transfer complex is then given by 


AR aw Xt4 Yi-W wk ewe 


W° being the most positive solution of (15). 

Intermediates Detected in Aromatic Substitution—One of the features of aromatic 
substitution listed earlier [observation (vi)] was the isolation or detection of intermediates 
in substitution reactions. These have always been assumed to have a symmetrical 
structure (I), although there is no positive stereochemical evidence requiring this. The 
essential point of the present theory is that the charge-transfer complexes which are 
intermediates in the reaction have the unsymmetrical structure (II). There seems to be 
no difficulty in ascribing to the intermediates so far detected ** unsymmetrical charge- 
transfer structure (II). In such’ structures no loss of aromaticity occurs. Furthermore 
in a quantum-mechanical investigation of this point Fukui e¢ al.?® showed that (1) 
normally corresponds to a local maximum in potential energy. 

A possible exception might occur when the aromatic compound is an anion, 
\-% such as in phenoxide. It is possible that the uncharged structure (V) is then a 

|| stable configuration owing to loss of electrostatic energy accompanying the formation 
© ofan uncharged covalent entity. However this would need to be more than enough 
(Y) to off-set the loss of aromaticity in such a structure. 

Concluston.—The present theory, involving unsymmetrical charge-transfer complexes, 
appears to account for the currently known features of aromatic electrophilic substitutions. 
Attention has been centred on uncharged aromatic systems and positively charged 
electrophils because charge transfer does not then appreciably alter the overall electro- 
static properties, and hence electrostatic energy, of the interacting system. However 


32 Dewar, Proc. Camb. Phil. Soc., 1949, 45, 638. 


E. f* 
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there is no difficulty in extending the present treatment to cases of uncharged electrophils 
such as SO,, by including recognition of, for example, the dielectric properties of the 
solvent in facilitating the formation of an ion-pair configuration in the charge-transfer 
complex. In cases such as SO, a further interesting aspect might enter, namely that the 
lowest unfilled orbital of the electrophil may be sufficiently extensive to overlap 
simultaneously more than one 2x-orbital of the aromatic compound in the charge-transfer 
complex. This must inevitably happen in reactions such as ozonolysis, Diels—Alder 
addition, osmium tetroxide oxidation, etc., and it is hoped to extend the present treat- 
ment to these reactions in a subsequent paper. The charge-transfer complex mechanism is 
also applicable to nucleophilic substitution in aromatic compounds and to reactions of 
aromatic compounds with free radicals, as has been noted by Fukui e¢ a/.2% 3 


The author gratefully acknowledges discussions with Associate-Professor A. N. Hambly and 
Dr. A. S. Buchanan of this department. 
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442. Charge-transfer Complexes and the Mechanism of Aromatic 
Substitution. Part II.4_ Molecular-orbital Calculations. 


By R. D. Brown. 


A simple molecular-orbital treatment of the mechanism of aromatic 
substitution developed in Part I leads to quantities termed Z-values as 
indices of chemical reactivities of positions in aromatic compounds. The 
calculations of Z-values depend upon two parameters which characterize the 
nature of the electrophil and the transition state in reaction. These para- 
meters have been evaluated for nitration at 0° in acetic anhydride. The 
resultant Z-values for positions in polycyclic hydrocarbons show a good 
linear correlation with logarithms of rates of nitration, the correlation being 
superior to that shown by atom-localization energies or superdelocalizabilities. 
The orientation of substitution in some non-benzenoid hydrocarbons is also 
accounted for satisfactorily by Z-values. Although it is possible to calculate 
Z-values when charge transfer from more than one occupied orbital of the 
aromatic compound is considered, orbitals other than the frontier orbital 
scarcely alter the Z-value except when the orbital is almost degenerate with 
the frontier orbital. 

The effect of inductive substituents on the Z-values of benzene positions 
is evaluated by first-order perturbation theory. The results are in agree- 
ment with observed orientations of substitution for such benzene derivatives. 
The quantitative selectivity relationships for electrophils observed by 
H. C. Brown and Nelson are explained by the present theory which predicts 
that the same quantitative relation should hold for all purely inductively 
substituted benzenes. Some calculations of Z-values for benzenes with 
conjugating substituents are reported. They account for the general features 
of orientation of substitution in these compounds. 

Calculations of the extent of charge transfer in the transition state for 
the complexes formed in the nitration of polycyclic hydrocarbons show that 
it is virtually complete except in the case of benzene. 

The significance of frontier-electron densities, superdelocalizabilities, x- 
electron densities, and atom-localization energies in the light of the charge- 
transfer mechanism of aromatic substitution is discussed. 


In Part I? a new mechanism was proposed for aromatic substitution, involving the form- 
ation of unsymmetrical charge-transfer complexes between the electrophil E* and the 
1 Part I, R. D. Brown, preceding paper. 
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aromatic compound ArH. It was possible to formulate the activation energy for form- 
ation of such complexes by using a “‘ configuration interaction ’’ molecuiar-orbital method. 
In the present paper it is proposed to show that a quantitative treatment of relative 
reactivities of different aromatic compounds, or different positions in an aromatic com- 
pound, is possible. Because of the large body of numerical data now available in the 
literature the simple molecular-orbital treatment is a convenient basis for the calculations. 

It was shown in Part I that the activation energy for formation of the charge-transfer 
complex is 

OP on FF 4 Fhe WP. wok we ee ee 


where X* = H,,* — E®, E® being the energy of the separated reactants and H,* the 
energy value for the configuration E*...ArH with the geometry of the transition state. 
W® is the most positive solution of a secular equation and if we consider charge transfer 
from the highest filled molecular orbital of ArH only then 


W® = 4{A? + (A + Hy} 2 2 wee 2) 
or, for A#? S Hy, 
W® = A? + Ho,*?/At a a ae ae 
where 
At = At—] . oe e eo oe oe 


A+ being the effective electron affinity of the electrophil when desolvated to the extent 
appropriate to the transition state, and J the ionisation potential of the aromatic com- 
pound. H,,* is the resonance integral for interaction of the singlet configurations ‘fy = 
E*...ArH and ¥’, = E...ArH* in the transition state: 


Ha = [Yiet¥ fas ee ee ee 


The configurations are represented more explicitly by antisymmetrized products of orbital 
functions, or linear combinations of these: 


Y= A [yp, (1) (1), (2)8(2) .. O(n — l)a(n — 1) y,(m) B(2) | 
Vy = 5 {oA a(t) 2(1)¥4(2)8(2) «doe — Hate — Ven) 
+. A U(1)a(1)¥4(2)8(2) zeke — Van — yy(nya(n]} 


where .~/ is the antisymmetrizer operator, y, the frontier molecular orbital of the aromatic 
compound and x, the lowest energy vacant orbital of the electrophil.* To proceed further 
we shall take the Hamiltonian operator to be 


Mat «6 6 tke oe 


where H,.”*(i) is a Hartree-Fock one-electron Hamiltonian operator, the summation 
being over all electrons sufficiently loosely bound for their transfer to the vacant electrophil 
orbital to be taken into consideration. In the calculations described below the transfer of 
an electron from some or all of the x-molecular orbitals has been considered (although the 
inclusion in the calculations of configurations arising from transfer from any but the 
highest two or three x-orbitals was found to have a negligible effect) but transfer from the 
s-orbitals was neglected. Terms in the total Hamiltonian applying to electrons too firmly 
bound to the aromatic compound for transfer to be significant make no contribution to the 

* It is assumed here that x, is an atomic orbital but for some electrophils it might be a more extensive 
molecular orbital. This makes no significant difference to our analysis [the constant cm in eqn. (7) 
must then be taken to be the product of the frontier-orbital coefficient of x, and the coefficient of that 
atomic orbital in x, which overlaps X,] so long as x, appreciably overlaps only one of the 27 orbitals 
of the aromatic system. For some reagents such as ozone, dienophils, etc., multiple overlapping may 


be an important feature in any “ charge-transfer complex ” mechanism for their attack on conjugated 
systems, 
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expression for the energy of formation of the complex when the approximations described 
below are introduced and so have not been included in (6). 

To make the calculations more manageable and to put them on a footing comparable 
with previous molecular-orbital treatments of chemical reactivity, the simple Hiickel 
LCAO approximation will be invoked—the two-electron integrals occurring in the evalu- 
ation of H,,* will be neglected, it being supposed that compensation for this is achieved by 
empirical evaluation of one-electron integrals (the coulomb and resonance parameters of 
the Hiickel method). The molecular orbitals of the aromatic compound will be taken to 
be linear combinations of 2px-atomic orbitals and overlap integrals will be neglected. 

The configuration-interaction integral then reduces to 


Hy? = V2e% | XeHea* yd 
a a 


Cy, being the coefficient of y, in the frontier orbital of ArH, x, being the 2f=-orbital over- 
lapped appreciably by the electrophil orbital. The resonance integral 8,, represents the 
interaction energy of the electrophil orbital x, and the 2px-orbital of ArH which it over- 
laps. It will be assumed that for a given electrophil 6,, has the same value for any carbon 
atom » whose substitution is under consideration. This is virtually equivalent to assum- 
ing that for a given electrophil the distance between it and the carbon atom to which it 
attaches itself is constant in all activated complexes.* 

It is convenient to express §,, in terms of 8, the standard resonance integral of a 
benzene bond: 


Rien ory a a, eae 


g.* being a constant characteristic of the particular electrophil under consideration. 

If charge transfer from orbitals other than the frontier orbital is considered the 
configuration-interaction treatment of the activation energy involves matrix elements 
of the type H,;* and Hy,*. These have the values: 


Hoi = V/2g.ci.8 
Hy? = — [osttectyads =0 


The value of W® in equation (1) then becomes the most positive zero of the function 
2 
) — (W — ap t2g2 . W — At 
{(W) = (w 22.478 2 W = x) WdwWw—aA*) . . . . (9) 


It remains to express A;* in terms of the Hiickel MO treatment of the system. The 
ionization potential for the jth molecular orbital of ArH is written —e; = —a — yj, « 
being the standard Coulomb integral of carbon, y; a number calculated from the Hiickel 
secular equations. The electron affinity of the vacant orbital x, of the electrophil may be 


written At = —a — y8, y* being a number characteristic of the particular electrophil 
considered. 
Then Aj = A*— IJ; 
eT 


where Y; is a number, positive if A;* is positive. As pointed out in Part I, Af is positive, 
1.¢., Y;is positive, when electrophilic substitution occurs. 


* This distance will be determined by two factors: Non-bonded repulsions will tend to keep the 
electrophil and the aromatic compound from approaching one another too closely but, subject to this, 
the more extensively x, and x, overlap, the more stable the complex will be. 
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If (11) is substituted in (9) and we write W = —8Z then the value of W® is obtained 
from the most positive zero of the function 





2 
= _ $2 _ Ci = — 9 
F(Z) = (z 2g. 27 on y) THMZ@—Y).... . 
Equations (2) and (3) similarly simplify to 
Z° = — We = [Y + (¥? + 2¢%c,?)#}/2 ae a 
and > tO? oe re | 


the quantities Y and c,? referring to the highest filled orbital (frontier orbital) of the 
aromatic compound. 

Nitration of Polycyclic Aromatic Hydrocarbons.—The success with which the present 
theory accounts for relative rates of electrophilic substitution reactions may be judged 
from the recently determined data? for nitration of polycyclic aromatic hydrocarbons. 
Nitration is a suitable reaction because it has been shown that the formation of a charge- 
transfer complex is the rate-determining step, at least for hydrocarbons which are not too 
reactive. Suitable values of the parameters g,* [equation (8)] and y* [equation (10)], 
characterizing the transition state and the electrophil in this reaction, were first determined 
by trial and error. The value of y would be expected to be greater than y; for the 
frontier orbital of benzene, i.e., greater than unity, and g,* to be less than unity. The 
values y+ = 2, g,t = 0-6, were found to be appropriate (these may not be the optimum 
values but y,* is probably within +0-5 and g, within +0-1 of the optimum values). Values 
of Z® calculated by using these values and equation (13), for the hydrocarbons studied by 
Dewar, Warford, and Mole,” and iricluding charge-transfer from the frontier orbitals only, 
are listedin Table 1. To examine the effect of including charge transfer from the next-to- 
frontier orbitals equation (12) was solved and the resultant values are also listed in Table 1. 
It will be seen that the inclusion of the second occupied orbitals in the calculation scarcely 
affects the Z value in most cases. The extent to which the Z-values, calculated with two 
occupied orbitals included, correlate with experimental reaction rate constants is shown 
in Fig. 1. The success of this correlation provides support for the assumptions made in 
setting up the present theory (e.g., the assumption that X* is independent of the nature of 
ArH); assumptions of this general type have of course been made in previous molecular- 
orbital theories of chemical reactivity. 

The success of the correlation also implies that variations in rates of nitration can be 
ascribed primarily to variations in AE+, AS* remaining constant or varying in proportion 
to variations in AE?. 

Previously molecular-orbital treatments of electrophilic substitution have been based 
on calculations of x-electron densities, atom-localization energies or superdelocaliz- 
abilities; + for alternant hydrocarbons only the last two vary from one position to 
another. For comparison with Z-numbers the superdelocalizabilities have been computed 
for the positions studied experimentally; first-order approximations to atom-localization 
energies (the “ reactivity-numbers”’ of Dewar) are already available? The numerical 
values are given in Table 1 and the extent to which they correlate with the observed rates 
may be judged from Figs. 2 and 3. It is evident that Z-numbers show a better linear 
correlation with the logarithms of rates than do other theoretical quantities. With the 
exception of the points for triphenylene which lie well off the lines in all correlations and 
for which we can offer no theoretical explanation, all rates may be predicted from Z-values 
to better than a factor of 2 although the total range is more than 1 : 10°. 

Dewar, Mole, and Warford have attributed most of the scatter of the points on Fig. 2 
to steric effects. Ifthe rate-determining step is the formation of a charge-transfer complex 

2? Dewar, Mole, and Warford, J., 1956, 3581. 

3’ Fukui, Yonezawa, and Nagata, Bull. Chem. Soc. Japan, 1954, 27, 423. 

‘ Fukui, Yonezawa, and Nagata, J. Chem. Phys., 1957, 27, 1247. 
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of the geometry envisaged in Part I, with the electrophil situated above the attacked 
carbon atom (aromatic plane horizontal) and the C-H bond scarcely stretched then the 
steric hindrance even at positions like the 4-position in phenanthrene would not be very 
great. It would be only when an adjacent carbon atom had a bulky substituent attached, 
or when a large electrophil was involved, that significant steric effects would be expected. 
However most of the small scatter of points in Fig. 1 could be attributed to small steric 
effects, although other factors, not primarily connected with x-electrons, such as variation 
in AS* owing to differing extents of ‘‘ solvent-freezing,’’ etc., could equally be responsible. 
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Orientation of Substitution in Conjugated Hydrocarbons.—The Z-values for various 
positions in a conjugated hydrocarbon are determined primarily by Y; and c/, the lower 
filled orbitals making little contribution except when one of them is nearly degenerate with 
the frontier orbital. Thus the relative reactivities of different positions in a conjugated 
system are indicated by the values of c;*, i.e., by the frontier electron density.* This 
explains the success of the frontier electron density method of accounting for orientation 
of substitution, and why frontier electron densities nevertheless do not indicate the relative 
reactivities of two positions in different conjugated systems. Such an explanation of the 
significance of frontier electron densities had previously been lacking. Fukui ef al.3 
have suggested that reactivities should be characterized by superdelocalizabilities and the 
frontier electron densities make a major contribution to these but the proportional con- 
tributions from other occupied orbitals to superdelocalizabilities are considerably greater 
than to Z-values. 

It has already been shown ° that frontier electron densities satisfactorily account for 
the orientation of substituents in alternant hydrocarbons; Z values will likewise be in 
agreement with observed orientations for such compounds. To demonstrate further the 
agreement between orientations predicted by Z-values and observed orientations, the 
positions of highest Z-value for some non-benzenoid hydrocarbons and the observed 
orientations are given in Table 2. Charge transfer from the two highest-energy occupied 
orbitals of the hydrocarbons was included and parameters appropriate for nitration were 
used. The position preferentially attacked by electrophils is known in all cases except 
that of pleiadiene. In each case the position attacked is that of highest Z-value. The 
case of fluoranthene is of interest because the calculated x-electron densities ® are greater 


5 Fukui, Yonezawa, and Shinger, ]. Chem. Phys., 1952, 20, 722. 
* “ Dictionary of Values of Molecular Constants,’’ edited by C. A. Coulson and R. Daudel, Centre 
national de la Recherche scientifique, Paris, 1955, Vol. III, Part I, p. 14. 
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than unity at the 2- and the 8-position, less than unity at the 1- and the 3-position yet, as 
correctly predicted by Z-values, it is the 3-position which is preferentially nitrated.’ 
Although pleiadiene has been nitrated® the position of attack has not yet been 


TABLE I. 
Z 

Compound Posn. log k * (a) (b) A + Ib T § 
MN  pasecadtessaices 0 1-207 1-223 2-31 0-833 0-75 
eee 2 1-48 1-345 1-373 2-07 0-910 0-960 
4 1-26 1-331 1-381 2-07 0-894 0-929 

Naphthalene l 2-67 1-474 1-474 1-81 0-994 0-929 
2 1-70 1-419 1-427 2-12 0-873 0-973 

Phenanthrene ] 2-56 1-455 1-465 1-86 0-977 0-955 
2 1-96 1-396 1-397 2-18 0-860 0-999 

3 2-48 1-447 1-447 2-04 0-893 0-962 

4 1-90 1-424 1-437 1-96 0-939 0-979 

9 2-69 1-482 1-483 1-80 0-997 0-934 

MII Scineisaescacneces ] 4-23 1-618 1-620 1-51 1-115 0-958 
Triphenylene ......... 1 2-78 1-377 1-393 2-00 0-888 0-952 
2 2-78 1-377 1-381 2-12 0-928 0-952 

SING: sanxcsviccswenes 3 3-54 1-552 1-552 1-67 1-044 0-949 
BE saccG colionvences 3 4-89 1-700 1-705 1-34 1-195 0-970 
Benzopyrene ........ 6 5-03 1-712 1-712 1-15 1-408 0-947 
COMORES. ..0054...-.. 3-06 1-517 1-525 1-80 0-991 0-960 
Anthanthrene ......... 6 5-19 1-769 1-771 1-03 1-504 0-964 

(a) Considering charge transfer from frontier-orbital only. (6) Including frontier and next 


highest filled orbital. 

* Relative rates of nitration (see ref. 10). 

+ Atom localization energies estimated by first order perturbation theory (see ref. 10). 
t Superdelocalizabilities (see ref. 4). 
§ Extent of charge transfer in the transition state [see equation (19)}. 


TABLE 2. 


Most Most 
active active 
Hydrocarbon Posn. Z posn. Hydrocarbon Posn F 4 posn. 
pk. eenneereeene l 1-663 l Fluoranthene (IV)... 3 1-454 3 
Acenaphthylene (II) ... l 1-505 l Diphenylene (V) ...... 2 1-598 2 
Pleiadiene (ITI) ......... 3 1-821 ? 
3 4 ! 2 8 9 10 ! 2 
A ty AS 
2 2 
. my AA. UR COU 
4 
7 4 | : 
(1) ~~ 2 7 
(11) 4 3 (ITN) (IV) (Vv) 
TABLE 3. Z-Values for pleiadiene, all occupied orbitals included. 
Posn. Ps Posn. Z 
1 1-824 7 1-808 
2 1-763 8 1-792 
3 1-832 


established. From calculated Z-values it is predicted to be the 3-position (contrast 
r-electron density data ® which show the 1-position to have the highest reactivity) and the 
magnitude of Z indicates extraordinarily high reactivity.* In such circumstances the 
nitronium ion might be expected to show little discrimination between the various positions 
of the hydrocarbon. To examine this point theoretically the Z-values of all positions 
were computed, including all occupied orbitals in the calculation because even small 

* For compounds of such high reactivity the formation of the charge-transfer complex may no 
longer be rate-determining (see Part I). 


7 von Braun and Manz, Amnalen, 1931, 488, 111; 1932, 496, 170. 
% Boekelheide and Vick, J]. Amer. Chem. Soc., 1956, 78, 653. 
* Pullman, Pullman, Berthier, and Pontis, J. Chim. phys., 1952, 49, 20. 
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contributions from lower orbitals might alter the order of Z-values. The results are given 
in Table 3. It seems likely that both the 1- and the 3-nitro-derivatives would be formed 
in appreciable amounts judging from the Z-values. 

Electrophilic Substitution in Benzene Derivatives: Inductive Effect only —As a further 
test of the proposed molecular-orbital treatment of chemical reactivity let us consider the 
inductive effect of substituents on the Z-numbers for benzene. In the molecular-orbital 
theory the inductive effect amounts to a perturbation to the Coulomb integral of the carbon 
atom to which the substituent is attached. Let the change in the Coulomb integral be 
hg. This perturbation splits the degeneracy of the frontier orbitals of benzene, the energy 
of only one orbital being changed to the first order in h. The perturbations to the orbital 


Fic. 4. Z-Values for Ph-X. 
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= 08,4 = 0-1h. 
energies and coefficients are conveniently obtained by the method of Bassett and Brown: ” 
Unperturbed orbital: y,; = 1, c,2 = 1/4, cn? = 1/4, c,? = 0. 
Perturbed orbital: yy,=1-+h/3, c,2 = 1/12 — 11h/108;  c,,? = 1/12 + 7h/108; 
c)* = 1/3 + 4h/108. 
The change in the Z-value for benzene caused by this perturbation may be derived by 
a first-order perturbation treatment of equation (12). It is: 


soo CP BY; + (Z, — Yj)8e7 {, . ce 
OF ae eS 2 ae. «ht Se BY _ ae o « 
on) oe A + 28> Ze — Vie ") 


where Z;, is the Z-value of unperturbed benzene and the summations are over all occupied 
orbitals, or over those orbitals from which charge transfer is considered. If we consider 
only the frontier orbitals of benzene and use the values of parameters found appropriate 
for nitration at 0° (see above) as typical values, then Z, = 1-207 and we find: 
Position ......... ortho meta para 
GP dccntinipgunnat —0-125h —0-037h —0-265h 
These values are in harmony with the accepted properties of inductively substituted 
benzenes. For —I substituents (h positive) the Z-values require meta-substitution with 
deactivation (Z less than Z,). For +J substituents (e.g., alkylbenzenes) the Z-values 
require ortho—para-substitution with activation. 
#® Bassett and R. D. Brown, Proc. Phys. Soc., 1958, A, 71, 724. 
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The results for positive 4 also are appropriate for pyridine in which meta-substitution 
with deactivation occurs. 

It has often been assumed that inductive effects fall off along a chain of atoms in 
geometric progression." To allow for this in the molecular-orbital treatment auxiliary 
inductive parameters A, h®,... are included such that for an atom separated from the 
centre of perturbation by m — 1 atoms, the Coulomb integral is increased by h™8 with 
i” = 0"h, 0 being a number such that 0< @< 1. Properties of aliphatic compounds 
suggest the value4 6 = 4. Although until recently there was no strong evidence from the 
chemical reactivities of conjugated systems that it was necessary to include such auxiliary 
parameters, SCF and SCE 1:14 calculations show that parameters of this type should be 
included in the simple MO calculations. However the origin of these auxiliary inductive 
effects may be traced to penetration integral effects so that they are not directly compar- 
able to the inductive effects observed in saturated compounds and the value 6 = } is 
therefore not necessarily the appropriate one (it is not certain yet that the geometric 
progression formula is apposite). The perturbation caiculations have therefore been 
performed by using general values of h™. The relevant orbital data are: 


By¢ = (1/2)A® + (1/2)A™; Sy~_, = (1/3)AK + (1/6)A® + (1/6)A + (1/3)A 


Position dc/" dcy_;? 
ON Ga (1/3)h — (1/8)h@ (1/216)(— 22h — 5k + 13h@ + 14/0) 
ERE I PED — (1/8)k® + (1/8)Rk™ =~ (1/216)(144 + 13K — 5A) — 22K 
re Rea ei 0 (1/216)(8h + 28h — 44h@ + 8h) 


and, for the values of parameters appropriate for the nitration reaction 


Position . 5Z 
GED Gindtictcddind — [60-1254 +- 0-302h +. 0-390A@ + 0-037h®) 
Nts nicgechsditenasaetenminn — [0-037h + 0-390A® + 0-302A@ + 0-125h) 
I haw cendbonieusiiiees — [0-265 + 0-074A™ + 0-250h® + 00-2654) 


To determine the effect of including charge transfer from the remaining occupied 
orbital of benzene also, the perturbation calculations were repeated with this extension. 
The relevant data for the lowest filled orbital are: 


Syp_g = (1/6)h + (1/3)A® + (1/3)A@ + (1/6)A 


Position dcy_.* 
ne eee (1/216)[5k™ -+- 22AM — 14h — 13h) 
II seinen iswsgtccaseinmecose (1/216)[— 134 — 14h + 22h@ + 5h@Y 
DDE i vitvinduvichastntesvateses (1/216)[— 19h — 26h + 10k + 35A@) 


With the values of parameters appropriate for nitration (Z, now is 1-223) we find 


6Z 
GRD: sicinctiegascisen — [0-125h + 0-282h® + 0-390A® +- 0-041h 
II skeiienttesdxtcnasncs — [00414 + 0-390A™ + 0-282h@ +- 0-125h®} 
TI so cccnisccesecsasbees — [0-2654 + 0-083A™ + 0-249h@ + 0-240A® 


As was found when considering the nitration of polycyclic hydrocarbons the inclusion of 
the lower orbital in the calculations has only a small effect on the calculated Z-values. 

Selectivity of Electrophils—The concept of selectivity of electrophils—that the more 
reactive the electrophil the less discriminating it is in selecting the site of substitution— 
was put on a quantitative footing by H. C. Brown and Nelson who considered partial rate 
factors for substitution in toluene. Calling the common logarithm of the ratio of partial 
rate factors for the para and a meta position the selectivity factor F,, they found 


 ) oy a re ee ee 


11 Dewar, J., 1949, 463. 

12 R. D. Brown and Heffernan, Austral. J. Chem., 1957, 10, 211. 
13 R. D. Brown and Heffernan, Trans. Faraday Soc., 1958, 54, 757. 
‘4 R. D. Brown and Heffernan, results in course of publication. 

18 H.C. Brown and Nelson, J. Amer. Chem. Soc., 1953, 75, 6292. 
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the constant A being independent of the electrophil and having the value 1-3. The 
present molecular-orbital treatment provides a quantitative theoretical basis for this 
relationship. In terms of Z-values we have 


ie - + 
log Py —— 3303RT (2, — 2») 
and TZ a 7; 
f= 2-303RT7 (2, — £n) 


Thus the constant A in (16) becomes 
A = (Z, — 2,)/(Z) — 2m). 


It now has to be shown that A is independent of the nature of the electrophil in the case 
of an inductively substituted benzene such as toluene. For such benzene derivatives the 
perturbation treatment given above may be used. For benzene the expression in braces 
in (15) has the same value for all positions and so 


= (Z ve 


j =a 


A: s Gr BY; + (2 aie 5) Bcjp? {z (Cup? — Cem? Bye (Z, — Y; Ben? — Baw} an 


It has been seen that the inclusion of the lowest occupied orbital in the calculation has 
little effect; if it is omitted then (17) can be simplified, remembering that Y; = Y,_,: 
i g8Y 5 2s + (2 _- Y DB p—ry" 
~ BY; — 18Y, fr (Z, - — + 1) (Bey << BC; m* —_ 3Cy_4,m°) 
If we include only the primary inductive parameter h®, and use equation (14) to estimate 
Z, — Y; = 2g84/3Y;, we find: 
ace 36 — 8g? Y; 
A= Sta, oto ee (18) 

For small values of g,*?/Y,, A is independent of the nature of the electrophil, its value 
being 1-3 which is fortuitously in excellent agreement with the experimental value. For 
nitration g,*7/ Y,; = 0-75 and the value of this ratio would not be expected to vary greatly 
from this value, especially as both g.4 and Y; would be expected to increase with increas- 
ing reactivity of the electrophil. If the nitration values are used, then instead of the use 
of the approximate expression (18) A can be calculated directly from the perturbation 
theory results: A = 0-265/(0-265 — 0-041) = 1-2 when charge transfer from all orbitals 
is included and only the primary inductive parameter h® is used. The value is altered 
only slightly when auxiliary inductive parameters are included. 

Thus on the assumption that the ratio g4/Y, for benzene does not vary too greatly 
with the nature of the electrophil, the present theory accounts for H. C. Brown and Nelson’s 
observations on selectivity relationships for electrophils and requires only the use of perturb- 
ation theory. 

The present treatment of the selectivity factors implies that the value of A should be 
independent of the nature of the substrate provided that this is an inductively substituted 
benzene. This conclusion is borne out by published diagrams ™* of log #, versus F, for 
various substrates. Those with purely inductive substituents have gradients indistinguish- 
able from that for toluene although substrates with conjugating substituents show large 
variations in gradient. 

Benzene Substituents with both Mesomeric and Inductive Effects.—To examine the ability 
of the present theory to account for electrophilic substitution in substituted benzenes in 
which the substituent exerts both a mesomeric and an inductive effect, calculations of 
Z-values have been performed for the conjugated system (VI), X being characterized by a 
1© Nelson, J. Org. Chem., 1956, 21, 145. 
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Coulomb integral 48 relative to carbon, by a resonance integral 6... = 8, and by an induc- 
tive Coulomb integral hs for the carbon atom to which X is attached. Representative 
calculations for values of 4, k, and A® which are likely to be appropriate for substituents 
such as halogen, OH, or NH,, are summarized in Figs. 4, 5, and 6. 

The results are in agreement with the main features of substitutions observed in this 
kind of benzene derivative—ortho-para-substitution with the overall level of reactivity of 
the molecule decreasing as the electronegativity of the substituent increases. The relative 
separations of the curves for the three positions are seen to depend particularly on the 
magnitude of the auxiliary inductive parameter (and this would be influenced by inclusion 
of further inductive parameters as in the geometric-progression formula mentioned above), 
and to some extent on the degree of conjugation of the substituent with the ring (?.e., or 
the value of k). In due course it is intended to study more fully the variation of Z-values 


Fic. 5. Z-Values for Ph*X. 





Fic. 6. Z-Values for Ph’X. 
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k = 0-8, h® = 0-25h. 


with the values of the molecular-orbital parameters of the substituent to attempt to 
account in more detail for observed variations in rates of nitration of benzene derivatives. 
Extent of Charge Transfer.—In Part I the approximate formula T = 1 — (Ho,*/A*)? 
was derived for the extent of charge transfer in the transition state for formation of the 
initial complex. If equations (7) and (11) are substituted in this expression we have 


Tal—gseflYP . . . . ~~ = « (19) 


Values of T derived from (19) are given in Table 1. In all cases except that of benzene, 
charge transfer is substantially complete, indicating that the formula (VII) used in Part I 
to represent charge-transfer complexes is an acceptable one, at least in the case of the 
complexes which intervene in the nitration of aromatic hydrocarbons. 

The Significance of Other Molecular-orbital Quantities—The significance of frontier 
electron densities in the light of the present mechanism of electrophilic substitution has 
been discussed above; they are expected to indicate the relative Z-values of different 
positions in the same molecule. Superdelocalizabilities were introduced as an approximate 
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estimate of the variation in activation energy for the substitution reaction, the sp? con- 
figuration being assumed for the transition state. Although there is strong evidence that 
(VIII) is not the rate-determining transition state in nitration and bromination reactions 
but rather an unsymmetrical configuration somewhat like (VII) [see Part I], the theo- 
retical treatment leading to the superdelocalizability concept could equally be applied to 
structures like (VII). Thus superdelocalizabilities are an alternative criterion of reactivity 


x 

pS A 

@ *+Ar—H Ae + 
‘H 

(VI) (VID (VIII) 


according to the present mechanism. We believe that they are less satisfactory than 
Z-values because of difficulties relating to the electronegativity of E and the extent of 
charge transfer. These difficulties were noticed by Fukui ef al.,* but they were not able 
to devise a means of circumventing them for numerical work. The difficulties are avoided 
by the present configuration-interaction technique. 

Previous treatments based on the transition state (VIII) coupled reactivity of a position 
with its x-electron density or its atom-localization energy, according to two alternative 
approximate views of the structure of (VIII).!”7 This procedure has the disadvantage that 
the prediction of orientation in alternant hydrocarbons was based on localization energies, 
because all positions have the same x-electron density, yet when the orientations predicted 
by charge densities differ from those predicted by localization energies (as often happens 
for heterocyclic molecules) the experimental orientation almost always agrees with that 
predicted by z-electron densities, not by localization energies.* The present treatment is 
based on a single theoretical quantity—the Z number—and so this dilemma does not 
arise. It has the further advantage that the nature of the electrophil, and the possibility 
that different electrophils may yield differing relative reactivities for a series of aromatic 
compounds, are explicitly recognized in the theory. This more comprehensive viewpoint 
is achieved at the cost of introducing two parameters, y,* and g,*, characteristic of the 
electrophil, which for the present must be evaluated empirically. 

By using valence-bond terminology the present approach may be compared more 
pictorially with the x-electron density and delocalization energy methods. When the 
m-electron density is used as a criterion of reactivity this is equivalent to viewing the 
structure of the transition state as E*... ArH, the bonding between the reactants being 
purely ionic. When localization energies are used it amounts to assuming the structure of 
the transition state to be E-ArH* with a pure covalent bond between the electrophil and 
the carbon atom undergoing substitution, the bond being strong enough to eliminate this 
carbon from the conjugated system. In the present charge-transfer configuration approach 
the structure of the transition state is regarded as predominantly corresponding to , 
with small contributions from ‘Vy and other configurations. Now ¥, is readily decomposed 
into 


2 Chul A [yy (L)a(1) .. . x( — I)a(n — 1)>-()B(m))} + 
Alyy (1)a(1) ... xem — 1)a(m — 1)y,()8(m)]}/-V2, 


t.e., into a sum of configurations in which the electron transferred to the electro- 
phil orbital is paired with the frontier-orbital electron, located in turn in each 2x-orbital 
of the conjugated system of ArH. Thus the transition state is viewed as predominantly a 
“resonance hybrid” of E-ArH* structures in which the bond links the electrophil in 
* Orientations in unreactive species such as protonated cations of heterocycles follow localization 
energies however.'* 
17 R. D. Brown, Quart. Rev., 1952, 6, 63. 
#® R. D. Brown, “ Current Trends in Heterocyclic Chemistry,” Butterworths, London, 1958, p. 13. 
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turn to each carbon atom of the aromatic system, the bonds between the electrophil and 
every carbon atom except the uth being very long and energetically negligible; the relative 
weights of the structures are given by the frontier electron densities. A small contribution 
from ‘5, corresponding to E* ... ArH, and from other configurations which may be dissected 
as above, are also implied in the complete eigenfunction. In the charge-transfer approach 
the bond between the electrophil and the uth carbon atom is not strong enough to exclude 
the carbon atom from the conjugated system of the aromatic system although the extent of 
conjugation within the aromatic system (represented, say, by the sum of the bond orders) is 
reduced in the charge-transfer complex as compared with the original aromatic compound. 

It has not been possible to demonstrate theoretically any analytical relationship 
between Z-numbers; and x-electron densities, or between Z-numbers and localization 
energies. However qualitatively it seems reasonable that these quantities will be roughly 
related because presumably the transfer of charge from an aromatic compound to an 
electrophil would be easiest (energetically) from the position of highest charge in the 
aromatic system; and the original “‘ isolated molecule ’’ viewpoint !” justifying the correl- 
ation of z-electron densities and chemical reactivity is equally applicable to the present 
mechanism of substitution. The Wheland localization-energy approach amounts to 
giving extreme importance to just one of the configurations which enter into the charge- 
transfer theory. 

Distinction between x- and o-Electrons.—The charge-transfer complexes are not planar 
molecules and so the symmetry distinction between x- and o-electrons is lost. However 
the more important distinction between x- and o-electrons is that the former are more 
loosely bound to the molecule then the latter, and the success of the “ x-electron ap- 
proximation,” widely adopted in theoretical chemistry, in which detailed interactions and 
motions are considered for x-electrons only, the o-electrons being treated as part of the 
core, seems to depend largely on the energy difference between o- and x-electrons although 
the strict orthogonality between z- and o-orbitals has certain useful consequences for 
establishing a partial variational theorem.!® 

If the energies of the x-electrons in ArH are not too greatly reduced when the charge- 
transfer complex is formed then there will be in the complex two groups of electrons of 
energies similar to the x- and o-electrons in ArH and it seems convenient still to designate 
them as x- and o-electrons for easy reference.* 

In the charge-transfer complexes the bond between the electrophil and the aromatic 
compound is a “‘ resonance hybrid ”’ of a series of bonds involving each conjugated atom in 
ArH, all but one of these bonds being extremely weak, the strongest of them being about 
0-68 (in the case of nitration complexes) and this having a weight in the “ resonance 
hybrid ” typically around 0-1 to 0-4. Thus the interaction is weak enough for the energy 
distinction between x- and o-electrons still to apply. 

However it may happen in some cases, possibly with “‘ addition ’’ reagents which have 
orbitals that appreciably overlap more than one of the aromatic compound and give 
addition reactions, that stronger interactions are involved, appreciably lowering the 
energies of the most loosely bound electrons so that their distinction from the o-electrons 
is not so marked. It is hoped to take up this aspect further in a subsequent publication 
on addition reactions. 


The author is grateful to Professor B. Pullman of the University of Paris for communicating 
eigenvectors and eigenvalues of anthanthrene, from which the reported Z-values of this molecule 
were computed, and to Mr. R. D. Harcourt who obtained eigenvectors and eigenvalues on the 
electronic computer CSIRAC from which the data in Figs. 4—6 were computed. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF MELBOURNE, CARLTON, N.3, 
VicToRIA, AUSTRALIA. (Received, August 18th, 1958.) 


* This represents a further generalization of the mo terminology, just as the currently accepted 
terminology is an extension of the original one applying to linear molecules only. 


19 Lykos and Parr, J. Chem. Phys., 1956, 24, 1166. 
y 
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443. The Reactivity of the O-Acylglycosyl Halides. Part VII.* 
Anomerisation of Tetra-O-acetyl-8-D-glucosyl Chloride. 


By G. L. Mattox and G. O, PHILLIPs. 


The anomerisation of tetra-O-acetyl-8-p-glucosyl chloride in acetone, 
measured polarimetrically, is a first-order reaction. The reaction rate is 
enhanced by addition of lithium chloride or bromide, and by increasing the 
ionising power of the medium. Experiments using lithium radio-bromide 
establish that there is negligible halogen-exchange, and that anomerisation is 
the main process. The results cannot be accounted for solely on the basis of 
complete ionisation of the halide, and an intramolecular mechanism is there- 
fore postulated for the anomerisation. 


SOLVOLYTIC reactions of tetra-O-acetyl-8-D-glucosyl chloride proceed by way of an inter- 
mediate cyclic carbonium ion arising from the participation of the neighbouring group at 
position 2. Addition of mercuric chloride or other electrophilic catalysts increases the 
reaction rate by assisting the removal of the halogen without affecting tie general nature 
of the ionisation process: 


CH}-OAc CH;-OAc 
1@) ral re) 
+ HgCl, —> + HgCl;~ 
OA a A o's 
AcO W* acon 9 
OAc oO= -¢+ 


“Me 


Decreasing the ionising power of the medium markedly decreases the rate of solvolysis. 
However, in dry acetone, and in other solvents of low ionising power which do not react 
with the halogen atom, tetra-O-acetyl-8-D-glucosyl chloride spontaneously rearranges to 
the anomeric form. Hassel and Ottar* considered this reaction to be related to the 
general substitution reaction of the Sy2 type where the new and the old substituent were 
identical. On this basis they considered that interaction between cis-erected (axial) 1- 
and 5-substituents on the same side of the ring is the main factor governing the stability 


* 
z 


jet O.9 


{ H; R = OAc 


of the anomeric O-acylglycosyl halides. Lemieux,* however, regards this as an over- 
simplification and considers that the theory is inconsistent with spontaneous anomerisation. 
For example, according to Hassel and Ottar’s theory, tetra-O-acetyl-8-D-glucosyl chloride 
would exist in the Cl conformation (I) since the 1C conformation (II) would be highly 
unstable. However, participation of the 2-acetoxy-group in replacement reactions at 
position 1, now well established, requires the molecule to assume the 1C conformation at 
the first stage of the reaction. In the present work, the mechanism of anomerisation is 
investigated, and the réle of lithium halides clarified. 


* Part VI, J., 1958, 130. 

1 Mattok and Phillips, ]., 1957, 268. 

* Schlubach, Stadler, and Wolf, Ber., 1928, 61, 287. 
3? Hassel and Ottar, Acta Chem. Scand., 1947, 1, 929. 
* Lemieux, Adv. Carbohydrate Chem., 1954, 9, 1. 
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RESULTS 


Order of the Reaction.—The rate of anomerisation of tetra-O-acetyl-f-p-glucosyl chloride 
is of the first order; good first-order constants, calculated from the first-order rate equation, 
are given throughout the run (Table 1). Varying the initial concentration of the sugar halides 
within a two-fold range does not influence the rate constant (Table 2). 

Addition of Lithium Halides.—The rate of anomerisation is enhanced on addition of lithium 
halides. The first-order constant increases linearly with lithium bromide concentration in the 


TABLE 1. Anomerisation of tetra-O-acetyl-B-D-glucosyl chloride in acetone at 25°. 
First-order constants. 


pO ee + 29 55 84 130 186 
el intkccaliaressnidcabsigctbecsdusoasane —0-02° +0-04° +0-11° +0-19° +0-30° +0-45° 
Wg GRID coccccccccscvissocses 9-95 9-85 9-99 9-65 9-85 


TABLE 2. First-order anomerisation of tetra-O-acetyl-8-D-glucosyl chloride. 
Variation of initial concentrations. 


ROE) GD onesie ccosccncccnenesesceecs 7-92 6-45 4-98 4-11 3-6 
BP, GRE) cc cscecncesccssvecsesecsses 9-90 9-72 9-63 9-81 9-69 


range 1-9—5-0 x 10-°m and for lithium chloride in the range 5-O—7-4 x 10*m (Table 3). The 
order with respect to lithium chloride is 0-5, and with respect to lithium bromide is 0-4. Ex- 
trapolation of the rate constants indicates that the linear relation is maintained to zero con- 
centration of lithium halide. The extrapolated value of , for zero concentration of lithium 
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chloride is 9-3 x 10° sec. and for that of lithium bromide is 9-2 x 10° sec.-!; and these 
values are in good agreement with the rate of anomerisation in dry acetone (k, 9-5 x 10 sec.~}). 
The final rotation of the solution is not affected by the presence of either of the lithium salts 
see (Figure). The constant value corresponds to 80% conversion of the 8- into the «-anomer. 


TABLE 3. Effect of lithium halides in the anomerisation of tetra-O-acetyl-8-D-glucosyl 
chloride in acetone at 25°. First-order constants. 
{LiBr] (10-m) ...... 501 457 4:16 537 252 1-87 (LiCl) (102m)... 7-43 633 5-00 
10k, (sec.-!)_......... 181 1-78 1-66 1-52 1:38 1-24 10°, (sec?) ... 1-83 1-75 1-52 

Rate of Exchange with Lithium Radio-bromide.—Lithium radio-bromide was added to tetra- 
O-acetyl-8-p-glucosyl chloride in acetone at 25°, and the sugar halide examined for radio- 
activity at intervals, after separation from the inorganic halide. The proportion of radioactivity 
transferred to the sugar halide in 0-5, 2-5, and 6 hr. was 0-0, 0-05, and 0-5% respectively. 

Effect of Varying the Ionising Power of the Solvent.—In benzene (ce 2-28 at 20°) no anomeris- 
ation was detected after 48 hr. In nitromethane (e 39-4 at 20°) first-order anomerisation 
occurred with k, 1-45 « 10° sec.! at 25°, which is a 50% increase on the anomerisation rate 
in dry acetone (¢ 21-0 at 20°). 
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DISCUSSION 


Our results support an ionic mechanism for the anomerisation of tetra-O-acetyl-f-p- 
glucosyl 1-chloride rather than the bimolecular replacement suggested by Hassel and 
Ottar.2 In dry acetone the rate is dependent on the first power of the concentration of 
sugar halide only, and on the ionising power of the solvent. Addition of lithium halides 
slightly increases the rate. The results indicate that the halide ions from the lithium salts 
do not participate by a bimolecular process, but exert a positive salt effect which facilitates 
the partial ionisation; this is supported first by experiments with lithium radio-bromide 
wherein no appreciable radioactivity was transferred to the sugar halide; and secondly, 
for tetra-O-acetyl-8-D-glucosyl chloride in acetone, the final optical rotation of the solution 
is independent of the nature of the lithium halide, indicating that the main product is the 
same in the presence of either lithium chloride or bromide (see Figure). Under comparable 
conditions for several O-acylglycosyl 1-halides, however, bimolecular exchange of halogen 
predominates. For example, when sodium iodide is added to tetra-O-acetyl-a-D-glucosyl 
bromide in acetone, the corresponding iodide® is formed. Evidence for similar exchange 
reactions will be presented in a later paper. 

On theoretical grounds also it would be expected that ionisation to form the well- 
established cyclic ion (III) would be energetically more favourable than the Sy2 transition 
state ? where there would be appreciable steric hindrance between the departing groups 
and the erected groups at positions 3 and 5. 

The small amount of halogen exchange in the tracer experiments also indicates that 
the sugar halide does not completely ionise to give a free cyclic carbonium ion. Clearly the 
free ion would combine with radio-bromide ions present in the solution. Rather the 
insignificant amount of halogen exchange indicates an intramoiecular mechanism involving 
the departing halogen atom. Mechanisms of this type by way of undissociated ion pairs 
now appear well founded. Lemieux and his collaborators ® have shown that a similar 
mechanism operates during the anomerisation of acetylated alkyl glucopyranosides. 
Moreover, Winstein and Schreiber’ pointed out that the ion-pair phenomenon can in 
principle be present in all processes which involve neighbouring participation. Salt effects 
involving lithium perchlorate in Sxl acetolysis have also been explained in this way.® 
The mechanism of anomerisation in the presence of lithium halides may therefore be 
represented : 
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2 
I ——s Anomerised product 
RCI ——e R*CI- 





4 
——p R* + Cl~ + LiHal —e R Hal 
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lon pair Dissociated ions 0-5% exchange 
CH,-OAc 
R = AcO fe) 
°, Ps 
C + 
aco «Me (111) 


Ionisation occurs initially to give an undissociated ion pair, the carbonium ion R* (III) 
assuming the half-chair form and thus facilitating the conformation change 1C to Cl which 
occurs during the formation of tetra-O-acetyl-«-D-glucosyl chloride from the §-anomer. 


5 Fischer and Fischer, Ber., 1910, 43, 2535. 

* Lemieux and Brice, Canad. J. Chem., 1956, 34, 1006; Lemieux and Cipera, ibid., p. 906; Lemieux 
and Shyluk, ibid., 1955, 33, 120. 

? Winstein and Schreiber, J. Amer. Chem. Soc., 1952, 74, 2165. 

* Fainberg and Winstein, ibid., 1956, 78, 2763, 2767, 2780; Fainberg, Robinson, and Winstein, 
ibid., p. 2777; Winstein and Clippinger, ibid., p. 2784. 
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The main process (reactions 1 and 2) is intramolecular, leading to tetra-O-acetyl-a-n- 
glucosyl chloride, while a small amount of dissociation of the ion pair (reaction 3) allows 
halogen exchange (0-5%) with lithium halides (reaction 4). 

It should be emphasised also that anomerisation is most unlikely in polar solvents 
such as methanol, which react with the sugar halide, as reported previously.* The agree- 
ment between the polarimetric and the titrimetric rate constant } for solvolysis of tetra-O- 
acetyl-8-pD-glucosyl chloride supports this view and it may be concluded accordingly that 
the products are formed as a result of initial racemisation to the carbonium ion. 


EXPERIMENTAL 

Acetone was purified as described in earlier papers. Nitromethane was dried over phos- 
phoric oxide, and the fraction boiling at 101—102° collected. 

Tetra-O-acetyl-8-p-glucosyl chloride was prepared as described in Part V of this series. 

The polarimetric technique used was described in Part IV,® and rate constants were evaluated 
from the initial rates of the anomerisation. Rotations were measured in 2-2 dm. polarimeter 
tubes with sodium light. 

Lithium Radio-bromide.—**Br was obtained from A.E.R.E., Harwell, as ammonium bromide 
with an initial activity of 35 mc. Treatment with an equivalent quantity of aqueous lithium 
hydroxide gave lithium radio-bromide. Impurities were removed by several recrystallisations 
from acetone. The y-radiation (1-3 Mev) given off by the ®*Br necessitates using the conven- 
tional shielding and remote-handling procedures. The pure lithium radio-bromide was diluted 
before use with inactive lithium bromide, and the total bromide content estimated by Volhard’s 
method. 

Radioactivity Measurements.—The reaction mixture was prepared by mixing the sugar halide 
and an aliquot part of the standardised lithium radio-bromide in acetone, and kept at 25°. 
At intervals 5 ml. samples were withdrawn, the reaction was stopped by cooling to 0°, and the 
mixture was extracted with chloroform and water. The organic halide was present in the 


TABLE 4. Anomerisation of tetra-O-acetyl-8-D-glucosyl chloride in acetone. 
[RCI] = 0-0411M. 


Time (min.)... 3 27 51 74 98 166 188 221 20 hr. 45 hr. a) 
Tt incinccieain —0-03° 0-07° 013° 0-18° 0-23° 0-38° 0-43° 0-49° 2-30° 3-62° 3-84° 
(da/dé),-,5 = 2-2 x 10° degree min.*. k, = 9-5 x 10 sec.-. 


TABLE 5. Anomerisation of tetra-O-acetyl-8-D-glucosyl chloride in the presence of 
lithium bromide in acetone. [RCI] = 0-05m. [LiBr] = 0-05. 
Time (min.)... 4 17 33 50 75 89 131 147 166 206 re) 
sais aesaoe —0-04° 0-06° 0-15° 0-24° 038° 044° 0-65° 0-72° 0-81° 1-00° 4-66° 
(da/dt),-5 = 5-1 x 10-* degree min", k, = 1-81 x 10sec. 


TABLE 6. Anomerisation of tetra-O-acetyl-B-D-glucosyl chloride in the presence of 
lithium chloride in acetone. [RCI] = 0-05m. [LiCl] = 0-0743m. 


Time (min.)... 10 19 49 63 78 91 116 193 336 365 ~) 
O sectionsesnanie 0-03° 0-10° 025° 035° 0-40° 0-45° 0-57° 0-92° 1-52° 1-65° 4-60° 
(da/dt),-, = 5-05 x 10-* degree min.“'. k, = 1-83 x 10° sec.-). 


= 


TABLE 7. Amnomerisation of tetra-O-acetyl-B-D-glucosyl chloride in nitromethane. 
[RCI] = 0-05. 


5 14 30 56 77 106 147 185 7) 
D ccsisdasaviabincdense 0-06° 0-09° 0-13° 0-22° 0-29° 0-40° 0-61° 0-82° 4-66° 
(da/dt),.,9 = 3-9 x 10°° degree min.?. k, = 1-45 x 10° sec.—. 


former and the lithium halides in the latter. The radioactivity of the two extracts was 
measured in a standard liquid-type Geiger—Miiller counter-tube. The efficiency of the extraction 


* Mattok and Phillips, 7., 1956, 1836. 
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was examined and by standardising the procedure a correction was applied to allow for in- 
complete extraction. A typical extraction-efficiency test is given here: At zero time a 5 ml. 
aliquot part of the reaction mixture was extracted with chloroform (8 ml.) and water (8 ml.). 
The chloroform layer in 5 min. gave 65 counts, while in the same counting time the water layer 
recorded 11,041 counts. The extraction efficiency is thus 99-4%. This small correction may 
therefore be applied to an identical extraction procedure, irrespective of the fall in radioactivity 
of the reaction mixture owing to the low half-life (36 hr.) of **Br. Accordingly the percentage 
exchange at successive time intervals may be obtained from the ratio of the radioactivity of 
the chloroform and the water extracts. 

Tables 4—7 show typical runs, at 25°, only a part of the experimental observations being 
given. 


The authors thank Professor A. G. Evans for his interest. A maintenance grant by the 
Department of Scientific and Industrial Research (to G. L. M.) is gratefully acknowledged. 
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444. Disaccharides from Fucoidin. 
By R. H. Cor. 

A sample of fucoidin, a seaweed material made up of sulphated fucose, 
has been partially hydrolysed by acetolysis. Amongst the products liberated, 
three disaccharides have been isolated and characterised as 2-, 3-, and 
4-O-«-L-fucopyranosyl-L-fucose. Comment is made concerning the structure 
of fucoidin in the light of these and earlier results. 


Fucorp1n, found in several types of seaweed, is commonly designated as a polyfucose 
ethereal sulphate. From methylation studies, Conchie and Percival suggested that 
1 : 2-linked fucose units are the main linkages present but others also contribute to the 
fucoidin structure. Indeed, after acetolysis of fucoidin and reduction, O’Neill was able 
to isolate and characterise by periodate oxidation a fucobi-itol containing a 1 : 2-linkage.? 
It was thought that such a polysaccharide would be a suitable source of different fucose- 
containing disaccharides, which were needed as reference compounds to assist in the 
identification of partial acid hydrolysis products from blood-group substances.® 

After acetolysis of fucoidin, we have isolated three disaccharides A, B, and C. None 
of the corresponding fucobi-itols could be detected on chromatograms by the acidic 
benzidine spray * which quickly reveals non-reducing furanoside structures such as sucrose 
and methyl fucofuranosides or galactofuranosides. This behaviour suggests the presence 
of a pyranose ring in the non-reducing end. By treatment with an enzyme preparation, 
which hydrolysed methyl «-L- and to a smaller extent §-1-fucopyranoside,® fucose was 
easily liberated from each disaccharide. The strongly negative optical rotation of all the 
disaccharides indicates that the fucose molecules are joined in the «-configuration, and the 
similarity of the rotations points to the probable identity of their ring structures. More- 
over, from the known optical rotations of the methyl fucopyranosides® and fucofuranos- 
ides,’ it appears that the 2B values for furanose and pyranose rings are respectively 
+850° and —32,500°, while the mean 2A value for fucosides lies around —38,380°. The 
molecular-rotation values of the three fucobi-itols fall between —35,000° and —38,600°. 
On the reasonable assumption that the aglycone group should have a minor influence on 
the partial rotation of the anomeric carbon atom of the cyclic structure, only an «-pyranose 
ring can closely fit Hudson’s isorotation rules. The results of periodate oxidation, in good 


1 Conchie and Percival, J., 1950, 827. 

* O'Neill, J. Amer. Chem. Soc., 1954, 76, 5074. 

* Cété and Morgan, Nature, 1956, 178, 1171. 

* Bacon and Edelman, Biochem. J., 1951, 48, 174. 

® Clancy, personal communication. 

* Hockett, Phelps, and Hudson, J. Amer. Chem. Soc., 1939, 61, 1658. 
* Watkins, J., 1955, 2054. 
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agreement with the general conclusions reached by Hough and Perry,’ support these 
deductions and confirm the positions of the linkages. The periodate—benzidine spray ® 
can be useful in indicating a particular structural feature. The white spots left on the 
blue background by the benzidine spray appear as bright-yellow fluorescent areas under 
ultraviolet light in the instances of 1: 2-fucobiose, 2-acetamido-2-deoxyglucose, 1 : 3- 
fucobi-itol, and maltitol, but not of methyl galactofuranoside under the usual conditions: 
such compounds are susceptible to a quick degradation to a substituted malondialdehyde 
(or a hemiacetal form of it). 

Disaccharide (A) is 2-O-a-L-fucopyranosyl-L-fucose. Besides a very low copper 
reducing value, it has a low Mg value,!® as has 2-O-methyl-L-fucose, and gives a negative 
test with triphenyltetrazolium chloride," properties which are consistent with 
substitution on Cy). This structure is also indicated by the overoxidation which occurs 
with periodate (>7 mols. consumed with liberation of 5 mols. of formic acid after 48 hr.), 
whereas, after reduction, only one mol. of acetaldehyde was released and no formaldehyde 
(44 hr.). 

Disaccharide (B), 3-O-a-L-fucopyranosyl-L-fucose, gives a positive triphenyltetrazolium 
chloride test and has a much higher Mg value than (A) or (C) (3-O-methyl-1-fucose has also 
a high Mg value), which suggests a 1 : 3-linkage. After treatment with periodate for a 
limited time, 5-deoxy-L-lyxose was liberated by hydrolysis of the oxidised disaccharide, 
which indicates a relatively resistant 1 : 3-linkage.¥ As was expected for such a structure, 
the corresponding alcohol was overoxidised by periodate to yield 1-5 mols. of acetaldehyde 
and one of formaldehyde (44 hr.). 

Disaccharide (C) is 4-O-a-L-fucopyranosyl-L-fucose. The compound has a low Mg 
value, but it produces a positive triphenyltetrazolium chloride test which may be due to a 
1:4-linkage. It reduced up to 3-8 mols. of periodate, and released 2-4 mols. of formic 
acid (48 hr.); after reduction, the product consumed just under 4 mols. of periodate, 
yielding no acetaldehyde but one mol. of formaldehyde and nearly 2 mols. of formic acid 
(44 hr.). This behaviour can only be explained by a non-reducing pyranose ring | : 4- 
linked to the reducing unit. 

The fucobi-itols, which are rapidly separated from the bioses by ionophoresis, are not 
readily distinguished from each other under these conditions as they have similarly high 
Mg values, although the net charges in each case should result from different complexes. 
However, a clear distinction between these alcohols can be obtained by paper chromato- 
graphy with Rees and Reynolds’s mixture which was elaborated to separate glucose and 
sorbitol,!* and its use here allows a further check on the homogeneity of the preparations. 
While sugar alcohols show unpredictable Ry values with the usual solvent systems, they 
often have much higher Ry values than those of the parent sugars when Rees and Reynolds's 
solvent system is used. Such behaviour is probably due mainly to one component of the 
mixture, boric acid, which can form complexes in a different way with a sugar and its 
reduced form. Maltose (or lactose) has no appreciable effect on the conductivity of boric 
acid solutions because no furanose forms are possible, and this would explain the 
remarkable enhancement of Rp between maltitol and maltose, maltotri-itol, and malto- 
triose.6 Similarly, a large difference in Rp has been observed between 1 : 4-fucobi-itol 
and 1 : 4-fucobiose, which have Rp values in the ratio of 2-9 while the ratio is 1-5 and 1:3 
for the corresponding 1 : 2- and 1 : 3-pairs. Moreover, 5-deoxy-L-lyxitol has approximately 
the same Ry as 5-deoxy-L-lyxose, but ribitol, which has a very low effect on the conductivity 

* Hough and Perry, Chem. and Ind., 1956, 768. 

Cifonelli and Smith, Analyt. Chem., 1954, 26, 1132. 
1© Foster, J., 1953, 952. 

11 Wallenfels, Naturwiss., 1950, 37, 491. 

12 Bell and Dedonder, J., 1954, 2866. 

13 Barker and Smith, Chem. and Ind., 1952, 1035. 

14 Rees and Reynolds, Nature, 1958, 181, 767. 


18 Béeseken, Adv. Carbohydrate Chem., 1949, 4, 189. 
16 Walker and Whelan, Biochem. J., 1957, 67, 548. 
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of boric acid solutions,” does not show a large increase in Ry and runs even more slowly 
than ribose (which has a strong tendency to exist in furanose forms) under those conditions. 

The present findings can, with reservations, contribute to a structural study of fucoidin. 
The “ linkage analysis method ”’ ?” does not always give a fair estimate of the ratios of the 
different units present. The fragments released cannot always be recovered quantitatively, 
as complete purification of the products can result in losses which vary with the fraction- 
ation procedures used. Moreover, the hydrolytic conditions for maximum yields vary 
according to the sugars and their linkages. For instance, fucose is rather quickly split off 
from some materials by N-acetic acid at 100°; +181 the fucobioses (and fucobi-itols) are 
also easily hydrolysed and, apparently, at different speeds. However, the relative rates of 
acetolysis may not be the same, and, moreover, a sulphate group is present in fucoidin. 
The presence of oligosaccharides in minor quantities after acid-treatment can also be due 
to reversion, which is usually characterised 21 by the predominance of products arising 
by condensation at the most reactive position (although the proportions between synthesis 
and hydrolysis through reversion might sometimes differ), with a minority of other 
complex structures. It is possible to produce fucose disaccharides by acid reversion and 
the three types mentioned above have been detected after such a process, the 1 : 2-«-biose 
being predominant owing to the great reactivity of C,). However, the conditions used 
in acetolysis differ greatly from those suitable for extensive reversion, which results in 
a very complex mixture. Finally, the homogeneity of polysaccharide preparations is not 
easily proved in a satisfactory way and the detection of a variety of linkages even in a 
sample made up of a single type of sugar requires confirmation by isolation of larger 
fragments which embody more than one type of linkage or by a careful methylation. 

The first knowledge about the arrangement of fucose units in fucoidin was obtained 
by methylation. Conchie and Percival! isolated 3-O-methyl-1-fucose as a major com- 
ponent (ca. 60%) after hydrolysis of methylated fucoidin and suggested that the main 
residue is made up of 1 : 2-pyranose units carrying a 4-sulphate group, as alkali would lead 
to the elimination of sulphate from position Cy) or Cy) (vicinal trans-hydroxyl). The 
a-configuration was suggested because of the strong levorotation of this polysaccharide. 
These conclusions were confirmed by O'Neill who, on the basis of periodate oxidation, 
characterised the fucobi-itol isolated as 2-O-«-L-fucopyranosyl-L-fucoitol, the «-configuration 
again being inferred from the highly negative rotation. The present work has led to the 
isolation and identification of the corresponding biose. To explain the presence of free 
fucose after methylation, Conchie and Percival suggested, without excluding the possibility 
of an incomplete methylation, the presence of branching points at C,,) on the main (2-linked) 
residue, or the presence of fucose molecules with two sulphate groups. The branching 
points, if any, can represent only a minor fraction of the linkages and the presence of 
1 : 3-disaccharide units in the acetolysate is in line with this as the yield was small (though 
no attempt was made to improve it). Alternatively, it could mean branching points on 
1 : 4-units, carrying a 2-sulphate group, as the present work affords strong evidence for the 
occurrence of many 1 : 4-linkages in fucoidin. The possibility cannot be rejected that 
these two main kinds of linkage, 1:2 and 1:4, might arise here from different poly- 
saccharides present together in various proportions. This aspect was not investigated 
by us, but it is noteworthy that O’Neill noticed two components on electrophoresis of a 
purified sample of fucoidin.? Conchie and Percival pointed to the presence of 1 : 4-linkages 
as a chain of the general structure of fucoidin, having cautiously described their last 
fraction of methylated fucoidin (ca. 20%; [a], -+4°6°) as 2 : 3-di-O-methyl-1-fucose after 
the preparation of suitable derivatives. Schmidt and Wernicke™ had, however, 

'? Peat, Whelan, and Edwards, J., 1955, 355. 

'® Kuhn, Baer, and Gauhe, Chem. Ber., 1955, 88, 1135. 

** Aminoff, Morgan, and Watkins, Biochem. J., 1950, 46, 426. 

#0 Jones and Nicholson, J., 1958, 27; Ball and Jones, ibid., p. 33. 


*! Thompson, Anno, Wolfrom, and Inatome, J. Amer. Chem. Soc., 1954, 76, 1309. 
*? Schmidt and Wernicke, Annalen, 1944, 556, 179. 











(1959) Cété: Disaccharides from Fucoidin. 2251 


synthesised 2 : 3-di-O-methyl-D-fucose with {2],, +-73°, and recently Gardiner and Percival 
have reported [a],, —97° for the L-isomer obtained by partial methylation. Thus this 
fraction from methylated fucoidin remains largely unidentified and, according to other 
data, the contaminant(s) in it would not be any of the fucofuranose dimethyl ethers with 
positive optical rotation.** Since even N-sodium hydroxide at 100° could remove appreci- 
able amounts of sulphate from fucoidin,! the positive optical rotation could be explained 
by the presence of a methylated fucose epimer produced by Walden inversion * on removal 
of the sulphate group on 1: 4-linked units during methylation. The small quantity of 
dimethylfucose obtained might also have been produced by terminal non-reducing fucose 
molecules with a (stable) 4-sulphate group. As regard the minor features of fucoidin, 
glucose, galactose, etc., are probably constituents of contaminating polysaccharides. The 
probable isolation of 3-O-methyl-L-fucose from crude fucoidin ® has not been confirmed 
(see p. 2252). That methylated L-fucose occurs naturally has been recently suggested by 
the isolation of 2-O-methyl-1-fucose from plum leaf * and possibly another plant.* 


EXPERIMENTAL 

General Methods.—Adsorption chromatography was carried out with different preparations 
of charcoal: (1) B.D.H., “‘ acid-washed,’’ with moderate adsorptive power; (2) Hopkin and 
Williams, that was treated successively with boiling 20% acetic acid for 1 hr., washed with 
water and hot aqueous ethanol (25%), and dried at 150° in air. The latter material was a 
strong- adsorbent even for fucose. For use, either type of charcoal was mixed with washed 
Celite (1:1, w/w) and elution was with aqueous ethanol.?? 

Preparative paper chromatography by the descending technique was usually made with 
Whatman sheets no. 17 (18} x 224.in.), which can easily accommodate 0-5 g. of material each. 
Glass rods were fixed to provide a smooth bend to the sheets, which were clamped one on each 
side of a stainless steel frame dipping into the solvent contained in a 1-l. trough. This very 
thick paper offers a great rate of flow and is at the same time reasonably even. After detection, 
elution of the sugar bands was made either by sewing on strips of Whatman no. 3 mm. as wicks 
for descending technique ** or by pulping the strips in a Waring blender. Whatman paper 
no. 1 was used for qualitative chromatography by the descending technique. The following 
solvent systems were used: (a) butan-l-ol—pyridine—water (3 : 1 : 1, v/v),®® (6) butan-1l-ol-acetic 
acid—water (4: 1:5, v/v),3° and (c) ethyl methyl ketone—acetic acid—water saturated with boric 
acid (9: 1:1, v/v). The spraying reagents were benzidine-trichloroacetic acid,‘ triphenyl- 
tetrazolium chloride," and benzidine—periodate.® 

Ionophoresis was carried out with an apparatus of the type described by Foster,*! used as 
a semi-open one by insertion of a suitable rubber gasket between the glass plates. The paper 
(no. 3MM, 57 cm. in length) was dipped completely in the buffer before being put between the 
plates for draining and spotting. To allow long runs (5 v/cm., 15 hr.), the starting line was 
placed 25 cm. from the cathode side. Mg values were measured, as by Foster, in presence of 
Serensen’s borate buffer (pH 10) (viz., 7-44 g. of boric acid in 1 1. of 0-1N-sodium hydroxide). 
Non-reducing materials were detected with the benzidine—periodate spray ® after the dried 
paper had been first treated by acetone containing 5% of acetic acid. 

Oxidations were made in the dark at room temperature in 0-2m-sodium metaperiodate. 
Periodate consumption was measured by iodometry at pH 7 *? or in acid medium,** formic acid 
by iodometry, formaldehyde by chromotropic acid,* and acetaldehyde by piperazine-sodium 

*3 Gardiner and Percival, J., 1958, 1414. 

24 Peat, Adv. Carbohydrate Chem., 1946, 2, 38. 

*5 Springer, ‘“‘ Chemistry and Biology of Mucopolysaccharides,’ 
Churchill, London, 1958, p. 216. 

26 Anderson, Andrews, and Hough, Chem. and Ind., 1957, 1453. 

*7 Whistler and Durso, J. Amer. Chem. Soc., 1950, 72, 677. 

*8 Brownell, Hamilton, and Casselman, Analyt. Chem., 1957, 29, 550. 

*® Hough, Jones, and Wadman, J., 1950, 1702. 

%° Partridge, Biochem. J., 1948, 42, 238. 

31 Foster, Chem. and Ind., 1952, 1050. 

32 Neumiiller and Vasseur, Arkiv Kemi, 1953, 5, 235. 

33 Hughes and Nevell, Trans. Faraday Soc., 1948, 44, 941. 

%4 Frisell, Meech, and Mackenzie, J. Biol. Chem., 1954, 207, 709. 
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nitroprusside.** Reductions were by sodium borohydride,** and boric acid was removed by 
methanol in the usual way after de-ionisation by resins. 

The degree of polymerisation was measured in a manner similar to that described by Peat, 
Whelan, and Roberts.*” As fucitol produces a negligible colour, the ratios of fucose in the 
compounds before and after reduction can be measured by Dische and Shettles’s method 
for methylpentoses, which was used, as modified by Gibbons,** with samples of 1: 2- and 
1 : 4-fucobiose previously treated according to Peat et al.3? The average values were 2-05 and 
2-00 for the 1 : 2- and 1 : 4-bioses respectively. Determination of fucose is possible in the usual 
range (10—50 ug.), as the inhibiting effect of inactivated sodium borohydride on the development 
of colour is small. With the third substance (1 : 3-linkage), the ratio of fucose to fucitol was 
directly measured. A pure sample (ca. 3 mg.) of the fucobi-itol was hydrolysed by n-acetic 
acid and spotted on paper (solvent c), and the bands corresponding to fucose and fucitol were 
eluted. Aliquot parts equivalent to 70—130 ug. of acetaldehyde were treated by 0-05m-periodate 
in phosphate buffer (pH 7, 90 min., 25°), and acetaldehyde was measured as before. The net 
values obtained from the fucose and fucitol levels had a ratio of 1-10, while uniform and low 
blanks were shown with a control sheet of paper identically treated. 

Hydrolysis of the disaccharides as 1—2% solutions in N-acetic acid at 100° was followed by 
paper chromatography which indicated 75% hydrolysis in ~2 hr. for the 1 : 2-biose, in ~9 hr. 
for the 1 : 3-biose, and ~7 hr. for the 1 : 4-biose. 

All solutions were concentrated under reduced pressure at <20° in a rotary evaporator with 
a seal provided by two glass tubes ground into each other, the mobile one (diam. 15 mm.) being 
set in a self-aligning ball-bearing. Optical rotations were measured in water at 22°. 

Acetolysis and Fractionation of Fucoidin.—A commercial sample of fucoidin, prepared from 
F. vesiculosus as described by Black, Dewar, and Woodward,*® dried at 50° in vacuo for 36 hr., 
contained 35% of fucose ** and had [a], —93° (c 1). Complete hydrolysis showed the presence 
of small amounts of glucose, mannitol (chromatographic evidence after development with 
solvent c), xylose (identified by its Rp and Mg), galactose, mannose (?), and uronic acid(s). A fast 
component had Ry similar to that of 3-O-methylfucose in solvent b, but of quite different Mg. 
A first batch (25 g.) was acetolysed and deacetylated by O’Neill’s method.? After neutralisation, 
the solution was freed from methanol by evaporation, diluted to 600 ml. with water, and 
fractionated by the frontal analysis method *° as follows: Four Celite—charcoal (no. 2) filters 
of 30 ml., separated by 2 cm., were set up on top of each other in a glass tube (diam. 2-5 cm.). 
The sugar solution was percolated through this column and followed by 200 ml. of water. Each 
section was extruded and eluted with 25% ethanol. The bottom filter (IV) was saturated with 
fucose, the one above (III) contained mainly disaccharide (C), the second filter retained mostly 
disaccharide (A) (on first evidence), and the top section contained various components. Com- 
bined eluates from (I) and (II) were spotted on Whatman paper no. 17 which was irrigated for 
30 hr. with solvent a. The syrup recovered after elution and usual purification was dissolved 
in moist methanol, from which crystals of disaccharide (A) separated quickly (0-15 g.). On 
addition of ethyl acetate, the mother-liquors yielded some more material, shown to be a mixture 
of disaccharides (A) and (B). Disaccharide (A) has [a],, —160° (0-5 hr.) —» — 169° (c 1) and 
m. p. 185—190° (decomp.), Mg 0-34, Rm. 0-78, 0-74, 0-45 in solvents a, b, and c respectively 
(galactose has 0-56, 0-51, and 0-38). With the benzidine spray, it produces a yellow-orange 
colour. Acid-hydrolysis of the corresponding fucobi-itol, which crystallised easily from moist 
ethanol, liberated fucose and fucitol, which are readily distinguishable with all solvents used: 
fucitol has Rye 1-2, 1-3, and 2-4 in solvents a, b, and c respectively. The fucobi-itol has [a], 
— 124° (c 1), m. p. 191—192° (lit.,? [a], —118°, m. p. 190—192°), Mg 0-59, Rigo 0-79, 0-78, and 
0-68 in solvents a, b, and c respectively, and is identical (mixed m. p. and Ry in solvent c) with 
the fucobi-itol isolated by O’Neill. The contents of filter (III) were similarly purified by 
partition with solvent a (40 hr.), disaccharide (C) being obtained as a semi-amorphous product 
by precipitation with ethyl acetate from methanol (0-10 g.) (see below). 

A second acetolysis was carried out as before, with another sample of fucoidin (50g.). After 


3° Fromageot and Heitz, Mikrochim. Acta, 1938, 3, 52. 

36 Abdel-Akher, Hamilton, and Smith, J. Amer. Chem. Soc., 1951, 78, 4691. 
Peat, Whelan, and Roberts, J., 1956, 2258. 

%* Gibbons, Analyst, 1955, 80, 268. 

Black, Dewar, and Woodward, J. Sci. Food Agric., 1952, 3, 122. 

Tiselius, Kolloid Z., 1943, 105, 101. 
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deacetylation with barium methoxide at 0° for 48 hr. and neutralisation, methanol was removed 
and the filtered solution diluted to 1500 ml. with water. The solution was passed through two 
filters of charcoal (no. 2)—Celite (180 and 70 ml.) which were washed with water (900 ml.). The 
smaller filter contained only fucose (ca. 0-45 g.). From the first filter, about 1-5 g. of material 
(containing a trace of fucose) with similar elution properties were collected in a volume of 400 ml. 
by displacement analysis *° with a 0-5% solution of raffinose in 15% ethanol. The mixture was 
refractionated on a charcoal (no. 2)—Celite column (150 ml.) with a gradient elution “4 x = 25%, 
v =11. The first peak, at 10% ethanol, was due to disaccharide (C), the purification of which 
was completed by partition on a-Celite column *? (300 g.; diam. 5 cm.) with 5 1. of solvent. 
The sugar was located by spraying a print taken on the extruded column with a no. 3MM paper 
strip and recovered after elution as described previously (0-47 g.). Heating in vacuo at 76° 
caused the material to lose weight equivalent to one mol. of water, and the final product was a 
semi-amorphous solid (according to a X-ray diffraction photograph), [a], —170° (c 1). It has 
Mg, 0-28, Rig. 0-64, 0-62, and 0-28 in solvents a, b, and c respectively, and gives a bright yellow 
spot with benzidine. The corresponding alcohol (amorphous) has [@j,, —115° (¢ 1), Mg 0-62, 
Riyc 0-79, 0-77, and 0-82 in solvents a, b, and c. Hydrolysis by acetic acid afforded fucose and 
fucitol. 

The second peak eluted from the charcoal column was mainly a mixture of disaccharides 
(A) and (B). Small amounts of contaminants with clearly different Rp were first eliminated by 
partition chromatography on Whatman paper no. 17 (solvent a for 28 hr.). The final syrup 
(ca. 0-30 g.) was fractionated on a charcoal (no. 1)—Celite filter (75 ml.) in the presence of 0-025m- 
sodium tetraborate ** (pH 9-2) with a gradient of ethanol, x = 10%,v = 11. Disaccharide (B) 
started to come from the column at about 24% ethanol and was clearly separated from 
disaccharide (A). Each pool was run through a column of Zeo-Karb 225 (H*), the effluent 
being freed from boric acid as usual. Disaccharide (A) (0-12 g.) crystallised from methanol. 
Disaccharide (B) had to be further purified by paper chromatography on Whatman paper no. 
3MM with solvent b and passed through a small charcoal column. The final syrup crystallised 
slowly in presence of ethanol (0-06 g.), then having m. p. 198—200°, [a],, —200°-—» —191° 
(c 1). Disaccharide (B) produces a yellow-brown colour with the benzidine spray and has M, 
0-52, Ry, 0-80, 0-75, and 0-43 in solvents a, b, and c. The corresponding fucobi-itol (a syrup) 
had [a],, — 112° (¢ 1), Mg 0-60, Ry, 0-75, 0-74, and 0-56 in solvents a, b, and c, and also gave fucose 
and fucitol on acid-hydrolysis. The fucobiose was oxidised by periodate (5-fold excess) at 0° 
for 90 min.; after de-ionisation and hydrolysis by 0-1N-hydrochloric acid for 3 hr. 5-deoxylyxose 
was identified on paper chromatograms. 

5-Deoxy-L-lyxose.—L-Fucose was treated with bromine in presence of calcium carbonate, 
and the non-reducing solution run successively through columns of Zeo-Karb 225 (H* form) and 
DeAcidite E (AcO~ form); L-fuconolactone, obtained on evaporation of the final effluent, was 
transformed into L-fuconamide as described by Clark.44 Weerman degradation of this product 
led to 5-deoxy-t-lyxose,*® but several non-reducing materials were also detected by chromato- 
graphy in the final syrup. The mixture, in phosphate buffer (pH 7-5), was fractionated on 
charcoal (no. 2)-Celite and then by partition on Celite (water-saturated butanol), to yield 
5-deoxy-L-lyxose as a chromatographically pure syrup (yield, 8%). Asa result of observations 
on the oxidation of monosaccharides by periodate,***? this methyltetrose was also obtained by 
oxidation of L-fucose with one equivalent of periodate at room temperature. After de- 
ionisation and hydrolysis, unchanged fucose (ca. 50%) was removed by partition chromatography 
on Whatman paper no. 17 (water-saturated butanol for 20 hr.) and the material was finally 
purified by chromatography on charcoal (yield, 5%). 5-Deoxy-1-lyxose has [a], —35° (¢ 1) 
(lit.,** [a},, +32° for 5-deoxy-p-lyxose), Mg 0-78, Rye 1-7 in solvents a and b. With benzidine 
spray, it gives a brownish-red spot, strongly fluorescent in ultraviolet light; treatment on paper 
with the Ehrlich reagent at 80° produces an orange-purple spot which distinguishes it from 
other oxidation products of fucose. 


‘1 Alms, Williams, and Tiselius, Acta Chem. Scand., 1952, 6, 826. 

‘2 Lemieux, Bishop, and Pelletier, Canad. ]. Chem., 1956, 34, 1365. 

43 Barker, Bourne, and Theander, /J., 1955, 4276. 

‘ Clark, J. Biol. Chem., 1922, 54, 65. 

‘* Schmidt, Mayer, and Distelmaier, Annalen, 1943, 555, 26. 

‘6 Courtois and Guernet, Bull. Soc. chim. France, 1957, 1388. 

47 Warsi and Whelan, Chem. and Ind., 1958, 71. 

48 Votocek and Valentin, Coli. Czech. Chem. Comm., 1930, 2, 36; Chem. Zentr., 1930, I, 2543. 
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445. Internuclear Cyclisation. Part XIV.* Reactions with 
Hydroaromatic Rings. 
By D. H. Hey and R. A. J. Lone. 


Catalytic decomposition of the diazonium salts from ethyl o-amino-«- 
cyclohexenylcinnamate (I; R = Et, R’ = H) and ethyl o-amino-«-2-methyl- 
cvclohexenylcinnamate (I; R = Et, R’ = Me) (or the free acid) gave deriv- 
atives of tetrahydrophenanthrene, which were identified by conversion into 
phenanthrene and 1l-methylphenanthrene respectively. These reactions 
provide the first examples of internuclear cyclisation of this type involving 
a hydroaromatic ring. Similar reactions with tetra- and hexa-hydrobenzoyl- 
N-methyl-o-phenylenediamine gave indeterminate results. 


ALTHOUGH numerous reactions involving diazo-compounds have been recorded in which 
internuclear cyclisation has been effected with a variety of homocyclic and some heterocyclic 
aromatic compounds,):? no attempts appear to have been reported in which the cyclisation 
involves a non-aromatic ring. Such reactions would yield partially reduced systems, 
which are difficult of access by other methods, and might provide valuable evidence on the 
mechanism of the ring closure. 

It has been shown by Schwenk and Papa ° that cyclohex-l-enylacetic acid and aromatic 
aldehydes give cyclohexenylcinnamic acids. By this method condensation with o-nitro- 
benzaldehyde in the presence of triethylamine gave «-cyclohex-l-enyl-o-nitrocinnamic acid, 
which was esterified and reduced to ethyl o-amino-«-cyclohex-l-enylcinnamate (I; R = Et, 
R’ = H). The derived diazonium fluoroborate decomposed in acetone in the presence of 
copper powder to give ethyl 5: 6:7 : 8-tetrahydrophenanthrene-9-carboxylate (II; R = 
Et, R’ = H) in 50% yield. This ester was hydrolysed to the acid (m. p. 210°), which gave 
phenanthrene (III; R’ = H) on dehydrogenation and decarboxylation. A similar result 
was obtained when the aqueous diazonium sulphate was decomposed at room temperature 
by the addition of copper powder. After this work was completed a different preparation 
of the tetrahydrophenanthrenecarboxylic acid was reported by Kristensen and Cordier 4 
who recorded the same melting point. 

Similarly 2-methyleyclohexenylacetic acid and o-nitrobenzaldehyde gave a-2-methy]l- 
cyclohexenyl-o-nitrocinnamic acid, its ethyl ester, and the amino-ester (I; R = Et, R’ = 
Me). The derived diazonium chloride decomposed in water at room temperature on addi- 
tion of copper powder and hydrolysis of the product gave 5: 6: 7 : 8-tetrahydro-8-methyl- 
phenanthrene-9-carboxylic acid (II; R= H, R’ = Me). The same acid was obtained 
from the diazonium chloride prepared from o-amino-«-2-methylcyclohexenylcinnamic acid 
(I; R =H, R’ = Me). The structure of the tetrahydro-acid was confirmed by dehydro- 
genation and decarboxylation to 1-methylphenanthrene (III; R’ = Me). The formation 
of tetrahydrophenanthrenes in this manner provides the first examples of a ring closure of 


Part XIII, J., 1959, 1563. 


. 
1 Leake, Chem. Rev., 1956, 56, 27. 

® De Tar, ‘ Organic Reactions,” J. Wiley and Sons, Inc., New York, 1957, Vol. IX, p. 409. 
* Schwenk and Papa, J. Amer. Chem. Soc., 1945, 67, 1432. 

* Kristensen and Cordier, Compt. rend., 1956, 242, 908. 
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this type with a hydroaromatic system. They also show that the Perkin-type condens- 
ations with cyclohexenylacetic acid and the aromatic aldehyde give the substituted 
cinnamic acid in which the carboxyl (ethoxycarbonyl) and nitrophenyl groups are in a 
trans-relation. The actual ring closure probably involves reaction at the a-methylenic 
position in the cyclohexene ring and as such is in agreement with the representation of the 
copper-catalysed reaction as a homolytic process. The work of Waters ® and of Farmer 
and Michael * has shown that the «-methylenic position in cyclohexene is readily attacked 
by free radicals. 

The inability to obtain cyclohexylcinnamic acids by Schwenk and Papa’s method * made 
it necessary to turn to the phenanthridone series in order to investigate the behaviour in 
the internuclear cyclisation of a fully reduced ring system. Before proceeding to the 
hexahydro-series, we prepared N-tetrahydrobenzoyl-N-methyl-o-nitroaniline and reduced it 
to the amine but catalytic decomposition of the aqueous diazonium chloride prepared from 
the amino-amide (IV) gave no pure products. On the other hand, reduction of N-hexa- 
hydrobenzoyl-N-methyl-o-nitroaniline gave N-hexahydrobenzoyl-N-methyl-o-phenylene- 
diamine (V), which on diazotisation and treatment with copper powder gave N-hexahydro- 
benzoyl-N-methylaniline (VI) and an oil which, on the evidence of its infrared spectrum, 
appeared to contain a carbonyl group. The oil did not appear to contain N-methyl-2- 
oxocyclohexanecarboxyanilide, which was prepared by Sheehan, Goodman, and Hess’s 
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method? using NN-dicyclohexylcarbodi-imide for comparison. The application of Shee- 
han, Goodman, and Hess’s method to the preparation of N-tetrahydrobenzoyl-o-nitro- 
aniline failed, the only products isolated being NN-dicyclohexylurea and N-tetrahydro- 
benzoyl-NN-dicyclohexylurea (cf. Schulz and Fiedler *). When N-hexahydrobenzoyl-N- 
methyl-o-phenylenediamine (V) was treated in ether with dry hydrogen chloride 2-cyclo- 
hexyl-1-methylbenzimidazole (VII) was formed. 


EXPERIMENTAL 


Ethyl a-cycloHex-1-enyl-o-nitrocinnamate.—Anhydrous triethylamine (10-1 g.) and acetic 
anhydride (51 g.) were added to cyclohex-l-enylacetic acid (14 g.; prepared in 50% yield by 
Schwenk and Papa’s method;* m. p. 37°) and o-nitrobenzaldehyde (15-1 g.) with stirring, under 
reflux, and the whole was heated for 12 hr. at 105—110° in dry nitrogen. The mixture was 
cooled to 60° and the excess of acetic anhydride was decomposed with water. The mixture was 


5 Waters, J., 1939, 1805. 

* Farmer and Michael, J., 1942, 513. 

7 Sheehan, Goodman, and Hess, J. Amer. Chem. Soc., 1956, 78, 1368. 
® Schulz and Fiedler, Chem. Ber., 1956, 89, 2681. 
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then poured on ice, and the semi-solid product was extracted with ether. The extract was 
washed with water and 5% aqueous sodium carbonate. The alkaline washings were freed 
from ether, and the hot solution was neutralised with 2N-hydrochloric acid. The neutral 
solution was heated on a boiling-water bath for 30 min. with charcoal, after which it was filtered 
and acidified. Recrystallisation of the precipitated acid from aqueous ethanol gave «-cyclo- 
hex-1-enyl-o-nitrocinnamic acid (12 g.) in pale yellow needles, m. p. 121° (Found: C, 65-8; H, 5-6. 
C,;H,,0,N requires C, 66-0; H, 5-5%). By the Fischer method the acid (9-9 g.) gave the ethyl 
ester (7 g.), needles (from aqueous ethanol), m. p. 37:5° (Found: C, 67-8; H, 6-3; N, 4-6. 
C,,H,,0,N requires C, 67-8; H, 6-3; N, 47%). 

Ethyl 0-Amino-a-cyclohex-1-enylcinnamate Hydrochloride.—A mixture of the above ethy] ester 
(2 g.) and the stannous chloride reagent (20 ml.), prepared as described by Thiele and Dimroth,°® 
was gently warmed for a few minutes and then left at room temperature for 3 hr. The yellow 
complex which separated was treated with an excess of 2N-aqueous sodium hydroxide until the 
tin salts had dissolved, leaving the free amine as an oil. The base was extracted with ether, 
and dry hydrogen chloride was passed into the dried (Na,SO,) ethereal solution. The hydro- 
chloride separated and crystallisation from ether-ethanol gave needles (1-5 g.), m. p. 151° 
(Found: C, 66-0; H, 6-8; N, 4-4. (C,,H,,0O,N,HCl requires C, 66-4; H, 7-2; N, 43%). 

Decomposition of the Diazonium Fluoroborate prepared from Ethyl o-Amino-a-cyclohex-1-enyl- 
cinnamate.—A suspension of the above hydrochloride (3-5 g.) in concentrated hydrochloric acid 
(20 ml.) and water (60 ml.) was diazotised by sodium nitrite (4 g.) in water (15 ml.). The solution 
was kept at 0° and filtered. Sodium fluoroborate (5 g.) in water (15 ml.) was added slowly at 0° 
and the yellow precipitate of the diazonium fluoroborate was collected and dried overnight 
in vacuo. Copper powder (3 g.) was added to a suspension of the dry fluoroborate (2-8 g.) in 
acetone (200 ml.). There was immediate evolution of nitrogen: the solution was left at room 
temperature for 3 hr., then warmed and filtered into water, the insoluble residue being extracted 
several times with acetone and hot water. The combined filtrate and extracts were extracted 
several times with chloroform. The chloroform solution was washed with 10° aqueous sodium 
hydroxide and with water and dried (Na,SO,). Removal of the chloroform under reduced 
pressure left a residue (1-8 g.), which was adsorbed from 1:1 benzene-light petroleum (b. p. 
60—80°) on an alumina column (100 g.). Elution with 1:1 benzene-light petroleum (b. p. 
60—80°) (350 ml.) gave ethyl 5: 6: 7: 8-tetrahydrophenanthrene-9-carboxylate (1-48 g.) as a 
low-melting solid. Further elution with the same solvent, benzene, ether, and ethanol gave 
only small quantities of gums. Acidification of the alkaline washings gave a trace of tar. The 
ethyl ester (1-4 g.) in ethanol (5 ml.) was boiled under reflux for 4 hr. with 10% aqueous potassium 
hydroxide (50 ml.). The cold solution was washed with ether and acidified with concentrated 
hydrochloric acid. The acid solution was extracted several times with ether and concentration 
of the dried (Na,SO,) extract deposited 5: 6:7: 8-tetrahydrophenanthrene-9-carboxylic acid 
(1-0 g.), which crystallised from aqueous ethanol in plates, m. p. 210° (Found: C, 79-2; H, 6-2. 
C,;H,,O, requires C, 79-6; H, 6-2%), Amax 237, 285, 330—335 my (log ¢ 4-73, 3-76, 3-15). A 
portion of the acid (0-5 g.) was heated with 30% palladium-—charcoal (0-2 g.) in a molecular 
micro-still at 300° for 30 min. Crystallisation of the white sublimate from alcohol gave 
phenanthrene (0-3 g.) in plates, m. p. and mixed m. p. 100° (picrate, m. p. and mixed m. p. 
143—144°). 

Decomposition of the Diazonium Sulphate prepared from Ethyl o-Amino-a-cyclohex-1-enyl- 
cinnamate.—A suspension of the ester (1-1 g.) in sulphuric acid (5 ml.) and water (30 ml.) was 
diazotised with sodium nitrite (1 g.) in water (10 ml.) at 0°. After 90 min., the mixture was 
diluted with water (200 ml.), the yellow diazonium sulphate which had separated redissolving. 
Urea (2 g.) was added and then copper powder (2 g.), after which the mixture was stirred for 
3 hr. at room temperature. The mixture was left overnight and the brown solid which had 
separated was filtered off. Both filtrate and residue were extracted with ether, and the solvent 
was removed under reduced pressure from the combined extracts. The residual brown oil was 
boiled under reflux for 4 hr. with 10% alcoholic potassium hydroxide, after which the solution 
was diluted with water (400 ml.) and washed with ether. The alkaline solution was neutralised 
with concentrated hydrochloric acid and heated for 30 min. on a boiling-water bath with 
charcoal. Filtration and acidification gave 5:6: 7: 8-tetrahydrophenanthrene-9-carboxylic 
acid (0-2 g.) in plates, m. p. and mixed m. p. 209—210° (from dilute ethanol). 

a-2-Methylcyclohex-l-enyl-o-nitrocinnamic Acid.—Ethyl 2-methylcyclohex-l-enylacetate, 
* Thiele and Dimroth, Annalen, 1899, 305, 114. 
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prepared in 56% yield by the general method of Schwenk and Papa,? had b. p. 110— 
111-5°/14 mm. in agreement with Chuang, Tien, and Ma,?* and hydrolysis with aqueous-alcoholic 
potassium hydroxide gave the free acid which solidified in ice (Kon and Thakur ™ recorded 
m. p. 10—14°). 2-Methylceyclohex-l-enylacetic acid (15-4 g.), o-nitrobenzaldehyde (15 g.), acetic 
anhydride (50 g.), and triethylamine (10 g.) were heated on a boiling-water bath in nitrogen for 
25 hr., then worked up as described above, giving the acidic products as a brown solid (9 g.). 
Crystallisation from alcohol gave o-nitrocinnamic acid (2-3 g.), m. p. and mixed m. p. 244°. 
Dilution of the mother-liquor gave «-2-methyicyclohex-1-enyl-o-nitrocinnamic acid (5-5 g.), which 
separated from dilute ethanol in needles, m. p. 144° (Found: C, 66-7; H, 5-4. C,,H,,O,N 
requires C, 67-0; H, 5-9%). 

Ethyl o-Amino-a-2-methylcyclohex-1-enylcinnamate.—The above nitro-acid (2 g.) was 
converted by boiling ethanol containing anhydrous hydrogen chloride into the ethyl ester, 
b. p. 138°/6 x 104mm. This (2-0 g.) was reduced with the stannous chloride reagent ® (30 ml.) 
as above. The amino-acid was extracted from ether with concentrated hydrochloric acid. 
The acid solution was then made alkaline with ice-cooling and extracted with ether. Removal 
of the ether from the dried extract gave the amino-ester (1-0 g.), b. p. 112—117°/6 x 10 mm. 
(Found: C, 75-9; H, 8-0. C,gH,,0,N requires C, 75-8; H, 8-1%). 

o-A mino-a-2-methylcyclohex-1-enylcinnamic Acid.—The nitro-acid (1-5 g.) in ethanol (50 
ml.) was reduced with hydrogen at atmospheric pressure in the presence of 5% palladium— 
charcoal (1-0 g.). After the requisite volume of hydrogen had been taken up, the solution 
was filtered and evaporated to small bulk under reduced pressure. Addition of water 
deposited 0-amino -x-2-methylcyclohex-1-enylcinnamic acid (1-2 g.), which crystallised from dilute 
ethanol in yellow needles, m. p. 173° (Found: C, 75-1; H, 7-0. C,ygH,gO,N requires C, 74-6; 
H, 7-4%). 

Decomposition of the Diazonium Chloride from Ethyl o-Amino-a-2-methylcyclohex-1-enyl- 
cinnamate.—The amino-ester (0-82 g.) in concentrated hydrochloric acid (10 ml.) and water 
(30 ml.) was diazotised at 0° with sodium nitrite (0-5 g.) in water (20 ml.). The solution was 
stirred for 3 hr. at 0—5°, after which alcohol (40 ml.) was added and then copper powder (1-0 g.). 
The mixture was stirred over-night after which reaction with alkaline 8-naphthol was negative. 
The mixture was filtered and both filtrate and residue were extracted with chloroform. The 
combined chloroform extracts were washed with dilute alkali, dried (Na,SO,), and evaporated 
to a dark oil (0-80 g.), which was chromatographed in 1 : 1 benzene-light petroleum (b. p. 60— 
80°) on alumina (80 g.). Elution with 1: 1 benzene-light petroleum (b. p. 40—60°) (200 ml.) 
gave a white solid, which on hydrolysis with alcoholic potassium hydroxide gave 5: 6:7: 8- 
tetrahydro-8-methylphenanthrene-9-carboxylic acid (0-28 g.), plates (from methanol), m. p. 187° 
(Found: C, 79-9; H, 7-0. C,,H,,O, requires C, 80-0; H, 6°7%), Amax. 235, 285, 328—331 my 
(log ¢ 4-67, 3-76, 3-07). Further elution with 1:1 benzene-light petroleum (b. p. 40—60°) 
(200 ml.), ether (400 ml.), and alcohol (200 ml.) gave only gums. Acidification of the alkaline 
extract gave only a trace of tar. 

Decomposition of the Diazonium Chloride from o-Amino-a-2-methyicyclohex-1-enylcinnamic 
Acid.—The amino-acid (1-0 g.) in concentrated hydrochloric acid (10 ml.) and water (20 ml.) 
was diazotised at 0—5° with sodium nitrite (0-4 g.) in water (20 ml.). The solution was diluted 
with water (200 ml.) and urea (0-4 g.) was added. The solution was filtered and to the filtrate 
copper powder (1-0 g.) was added. After being stirred for 2 hr. the mixture no longer gave a 
positive reaction with alkaline $-naphthol. The solution was filtered and both residue and 
filtrate were extracted with chloroform. The combined extracts were washed with 10% 
aqueous sodium hydroxide and the alkaline solution was neutralised and heated on the water- 
bath for 30 min. with charcoal. It was then filtered and acidified. The precipitated solid 
(0-4 g.) crystallised from ethanol to give 5 : 6: 7 : 8-tetrahydro-8-methylphenanthrene-9-carboxylic 
acid (0-28 g.) in plates, m. p. 187° alone or on admixture with the acid obtained as above. 
Dehydrogenation and decarboxylation at 300° with palladium-charcoal as described above, and 
crystallisation of the sublimate from methanol gave 1-methylphenanthrene, m. p. and mixed 
m. p. 118° (picrate, m. p. and mixed m. p. 136°). 

N-Tetrahydrobenzoyl-o-nitroaniline.—Tetrahydrobenzoic acid (1-7 g.), prepared by Dreiding 
and Hartman’s method,” was warmed with an excess of thionyl chloride for 3 hr. after which 

10 Chuang, Tien, and Ma, Ber., 1936, 69, 1502. 


11 Kon and Thakur, /., 1930, 2222. 
12 Dreiding and Hartman, J. Amer. Chem. Soc., 1953, '75, 942. 
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the excess was removed under reduced pressure. Pyridine (5 ml.) was added to the well- 
cooled acid chloride, followed by o-nitroaniline (1-9 g.). The mixture was kept at room temper- 
ature for 1 hr., then heated on the steam-bath. Dilution with water precipitated N-tetrahydro- 
benzoyl-o-nitroaniline (2-3 g.), which crystallised from ethanol in yellow needles, m. p. 68° 
(Found: C, 63-2; H, 5-4. C,,H,,0O,N, requires C, 63-5; H, 5-7%). 

N-Tetrahydrobenzoyl-N -methyl-o-nitroaniline.—The above anilide (4-2 g.) in acetone (40 ml.) 
and 20% aqueous sodium hydroxide (40 ml.) was boiled under reflux while dimethyl sulphate 
(8 ml.) was added dropwise. After 15 min. the solution was cooled and diluted with water. 
The yellow precipitate was collected. Recrystallisation from ethanol gave the N-methyl 
derivative (3-4 g.) in yellow cubes, m. p. 109° (Found: C, 64-7; H, 6-1. C,,H,,0O,;N, requires 
C, 64:7; H, 61%). 

N-Tetrahydrobenzoyl-N-methyl-o-phenylenediamine.—The above methyl-nitro-compound 
(0-2 g.) in methanol (100 ml.) was shaken with hydrogen at atmospheric pressure in the presence 
of 5% palladium-charcoal (0-2 g.) until the required volume of hydrogen had been absorbed. 
The resulting solution was filtered and evaporated to dryness under reduced pressure. Crystallis- 
ation of the residue from methanol gave N-tetrahydrobenzoyl-N-methyl-o-phenylenediamine 
(0-11 g.) in rhombic needles, m. p. 103° (Found: C, 73-4; H, 7-8. C,,H,,ON, requires C, 73-1; 
H, 7-8%). The aqueous diazonium chloride prepared from this base was treated with copper 
powder in the usual manner. The product was worked up as in the preceding examples but 
chromatography gave only gums and tars. 

N-Tetrahydrobenzoyl-NN’-dicyclohexylurea (cf. ref. 7).—A solution of tetrahydrobenzoic acid 
(0-8 g.) and N.N’-dicyclohexylcarbodi-imide (1-3 g.) in methylene dichloride (10 ml.) was kept at 
room temperature for 2 hr. Dicyclohexylurea, m. p. 216° (0-4 g.), separated. Evaporation of 
the filtrate gave a gum, which on trituration with water afforded N-tetrahydrobenzoyl-NN’- 
dicyclohexylurea (0-4 g.), which crystallised from acetone in needles, m. p. 160—161° (Found: 
C, 72-4; H, 9-8; N, 8-2. C,9H,,0,N, requires C, 72-3; H, 9-6; N, 8-4%). A similar result 
was obtained when the reaction was carried out with the addition of o-nitroaniline (0-9 g.). 

N-Hexahydrobenzoyl-N-methyl-o-nitroaniline.—(i) Dimethyl sulphate (9 ml.) was added 
dropwise to a boiling solution of N-hexahydrobenzoyl-o-nitroaniline 4° (10 g.) in a mixture of 
acetone (10 ml.) and 10% aqueous sodium hydroxide (50 ml.). After 10 minutes’ boiling the 
mixture was poured into water. Crystallisation from dilute ethanol of the solid which separated 
gave N-hexahydrobenzoyl-N-methyl-o-nitroaniline (6-3 g.) in greenish-yellow needles, m. p. 113° 
(Found: C, 64-2; H, 6-7. C,,H,,0,N, requires C, 64:2; H, 6-9%). 

(ii) cycloHexanecarboxylic acid (4-8 g.) was boiled with thionyl chloride (10 ml.) for 1 hr., 
after which the excess of thionyl chloride was removed under reduced pressure with the aid of 
added dry benzene. A cold solution of N-methyl-o-nitroaniline (5-8 g.) in pyridine (10 ml.) was 
added to the crude acid chloride cooled in ice. After being left overnight, the mixture was 
heated on a boiling-water bath for 2 hr., then poured into water (100 ml.)._ Recrystallisation 
from dilute ethanol of the precipitated solid gave N-hexahydrobenzoyl-N-methyl-o-nitroaniline 
(4-3 g.) in greenish-yellow needles m. p. 113°, identical with the specimen prepared by method (i). 

N-Hexahydrobenzoyl-N-methyl-o-phenylenediamine.—The above nitro-compound (1-6 g.) in 
methanol (100 ml.) containing 5% palladium-—charcoal (0-2 g.) was shaken with hydrogen at 
atmospheric pressure until the required volume had been absorbed. After filtration the solvent 
was removed under reduced pressure. Trituration of the residual brown oil with light petroleum 
(b. p. 40—60°) gave N-hexahydrobenzoyl-N-methyl-o-phenylenediamine (0-85 g.), which crystallised 
from benzene-light petroleum (b. p. 40—60°) in needles, m. p. 93-5° (Found: C, 72-7; H, 8-5. 
C,,4HyON, requires C, 72-6; H, 8-6%). Whenastreaia of dry hydrogen chloride was passed into 
a solution of this base (2-0 g.) in dry ether (20 ml.) 2-cyc!ohexyl-1-methylbenzimidazole (1-1 g.) 
separated in needles, m. p. 104° (Found: C, 78-6; H, 8-5. C,,H,,N, requires C, 78-4; H, 8-4%). 

Decomposition of the Diazonium Chloride from N-Hexahydrobenzoyl-N-methyl-o-phenylene- 
diamine.—The amine (7-7 g.), suspended in concentrated hydrochloric acid (20 ml.) and water 
(150 ml.), was diazotised at 0—5° with sodium nitrite (3-3 g.) in water (40 ml.). During the 
diazotisation ethanol (50 ml.) was added and stirring was continued for 3 hr., after which urea 
(3-5 g.) was addec’, followed by copper powder (2 g.). There was an immediate evolution of 
nitrogen. The mixture was stirred at room temperature overnight (negative reaction with 
alkaline 8-naphthol), then worked up as in the previous case. The resulting red oil was chroma- 
tographed in 1: 2 benzene-light petroleum (b. p. 40—60°) on alumina (90 g.). Elution with 

18 Herbst, Roberts, Givens, and Harvill, J. Org. Chem., 1952, 17, 262. 
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the same solvent (200 ml.) yielded a colourless gum (A) (1-8 g.) after which elution with a 1:1 
mixture (300 ml.) gave N-hexahydrobenzoyl-N-methylaniline (0-8 g.), needles (from dilute 
methanol), m. p. 62-5° (Found: C, 77-1; H, 83. C,H,ON requires C, 77-6; H, 8-3%), 
identical with a specimen prepared from cyclohexanecarboxyl chloride and N-methylaniline in 
pyridine. Further elution with ether (350 and 200 ml.) and with alcohol (200 ml.) gave gums 
(0-2 g., 0-3 g., and 1-1 g. respectively). The infrared spectrum of fraction (A) indicated the 
presence of carbonyl (1715 cm.“') and amide (1668 cm.~) groups. This fraction was distilled 
at 87°/0-1 mm. and the distillate (1-3 g.) was again chromatographed in 1:2 benzene-light 
petroleum (b. p. 40—60°) on alumina. Elution with the same solvent (150, 50, and 50 ml.) 
gave gums (a—c) (0-1, 0-02, and 0-03 g. respectively). Further elution with the same solvent 
(100 ml.) gave a gum from which N-hexahydrobenzoyl-N-methylaniline (0-5 g.), m. p. 62°5°, 
separated. The infrared spectra of the first three fractions showed a strong band at 1715 cm.* 
but the band at 1668 cm.? was considerably diminished. Further chromatography of the 
fractions (a) and (b) gave a ketonic product, which showed strong absorption at 1715 and a weak 
band at 1650 cm. (Found: C, 76-3; H, 8-1; N, 5-85%). N-Hexahydrobenzoyl-N-methy]l- 
aniline shows no absorption at 1715 cm."! but strong bands at 1667 and 704 cm.*}. 

N-Methyl-2-oxocyclohexanecarboxyanilide.—2-Oxocyclohexanecarboxylic acid (ll g.), 
methylaniline (0-83 g.), and NN’-dicyclohexylcarbodi-imide * (1-6 g.) were dissolved in methylene 
dichloride. NN’-Dicyclohexylurea was immediately precipitated. After 2 hr. the solution 
was filtered and the filtrate was washed successively with N-hydrochloric acid, aqueous potassium 
hydrogen carbonate, and water. Removal of the solvent from the dried (Na,SO,) solution left 
an oil, which was adsorbed from benzene on alumina. Elution with benzene gave N-methyl-2- 
oxocyclohexanecarboxyanilide (0-8 g.), b. p. 115—120°/0-10—0-13 mm. (Found: C, 72-9; H, 8-0. 
C,4H,,0O,N requires C, 72-8; H, 7-4%), having strong infrared absorption at 1715, 1668, 779, 
and 704 cm.7?. 


The authors thank Dr. J. W. Cook, F.R.S., for a specimen of 1-methylphenanthrene, also 
British Celanese, Ltd., for the award of a Studentship (to R. A. J. L.). 
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446. Syntheses from Phthalimido-Acids. Part X.* Derivatives 
of pi-Penicillamine. 


By F. E. Kine, J. W. Crark-Lewis, and W. A. SWINDIN. 


In model experiments for a synthesis of the pL-penicillamine analogue 
(penithione) of glutathione, S-benzyl-pt-penicillaminylglycine ethyl ester 
was prepared via the phthaloyl derivative and converted into phthaloyl-y-pL- 
glutamyl-S-benzyl-pt-penicillaminylglycine ethyl ester from which the 
amorphous S-benzylpenithione was obtained. Two other dipeptide deriv- 
atives, viz., glycyl-S-benzyl-pt-penicillamine and phthaloyl-y-pL-glutamyl- 
S-benzyl-pt-penicillamine, are also described. 


EXPLORATORY experiments with phthaloyl derivatives, similar to those having glutathione 
as their objective,* have been carried out with p1-penicillamine in a parallel investigation 
directed towards the synthesis of the penicillamine analogue of glutathione. The S-benzyl 
derivative (I) of y-pt-glutamyl-pt-penicillaminylglycine was obtained in five steps from 
S-benzylpenicillamine (17% over-all), but the synthesis suffers from defects discussed 
earlier for that of glutathione,! and it was subsequently discontinued in favour of an 
examination of the thiazolidine route as described in the following paper. 
S-Benzyl-N-phthaloyl-pt-penicillamine (II; R = OH) was newly prepared and charac- 
terised as the methyl and ethyl esters (II; R = OMe or OEt). The acid chloride gave the 
amide and anilide (II; R — NH, or NHPh) with ammonia and aniline respectively, but 


* Part IX, J., 1957, 886. 
1 King, Clark-Lewis, and Wade, J., 1957, 880. 
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reacted with two molecules of the more basic benzylamine to give the bisbenzylamide of 
S-benzyl-N-o-carboxybenzoyl-pL-penicillamine in high yield. Under similar conditions, 
however, glycine ethyl ester gave the desired S-benzyl-N-phthaloyl-pL-penicillaminyl- 
glycine ethyl ester (II; R = NH-CH,°CO,Et) (65%), and the ester was hydrolysed to the 
protected dipeptide (II; R = NH’CH,°CO,H) by alkaline hydrolysis and subsequent 
treatment with acid. 

Meg'S*CHg'Ph 


NH4*CH*CHy*CHy*CO*NH*CH*CO*NH'CH,"CO,H CRON RO 
CO4H a9) coOR (ID 
NHy°CHCMe,’S*CHy'Ph ties Che denial bina tials 
CO*NH'CH,°CO,Et (III) CO;H) = (IV)_——s CO*NH°CH, CO, Et 

seteteeti iid aadeittertt Uiatiaiaiadtid 
CO,H (V) COMe (VI 


The phthaloyl group was removed from S-benzyl-N-phthaloyl-pL-penicillaminylglycine 
ethyl ester (II; R = NH-°CH,°CO,Et) with aqueous hydrazine and the free amino-ester 
(III) gave the fully protected tripeptide (IV) when treated with phthaloyl-pi-glutamic 
anhydride. Difficulty was experienced in stepwise removal of the protecting groups, but 
simultaneous removal of the ester and phthaloyl residues was achieved by the method of 
Grassmann and Schulte-Uebbing,? which gave the S-benzyl-tripeptide (S-benzylpenithione) 
in 73% yield as a deliquescent amorphous powder with the correct elementary composition. 
Debenzylation * of this product with sodium and liquid ammonia gave a thiol which was 
precipitated with mercuric sulphate reagent. An attempt to prepare the cuprous 
derivative of the thiol by the method described * for glutathione gave a water-soluble 
copper derivative, which was isolated by addition of ethanol. Although this derivative 
contained the expected proportion of copper neither the composition of the remainder nor 
that of the regenerated thiol corresponded to the expected formula. 

S-Benzyl-pL-penicillamine gave phthaloyl-y-DL-glutamyl-S-benzyl- D-penicillamine 
when treated with phthaloyl-pL-glutamic anhydride, and with phthaloylglycyl chloride gave 
phthaloylglycyl-S-benzyl-DL-pencillamine (95%) which was converted into glycyl-S-benzyl- 
DL-penicillamine by removal of the phthaloyl group with hydrazine. 

The ready formation of N-phthaloyl-y-glutamyl derivatives by interaction of phthaloyl- 
glutamic anhydride with bases or with alcohols has been demonstrated in previous parts of 
this series, and this property has already been utilised in a synthesis of glutathione,! the 
most important of the natural y-glutamyl peptides. The value of the anhydride in the 
preparation of esters has been illustrated for y-methyl hydrogen phthaloyl-L-glutamate 
(V) obtained directly from methanol, and for y-methyl hydrogen phthaloyl-L-glutamate 
(VI) prepared indirectly from the y-benzyl ester.> The y-methyl ester (V) differs in m. p. 
from that described by Tipson ® and although Tipson’s «-methy] « resembles our ester 
(VI) in m. p. and optical rotation, its infrared absorption (curve 7) | ncompatible with 
the assigned structure; indeed the absorption near 3200 cm. indicates an amide and 
hence a phthalamic acid structure. Tipson’s criticism of previous work ” is thus probably 
ill-founded and his conclusions regarding the optical purity of Sheehan and Bolhofer’s 
phthaloylglutamic anhydride overlook and merely confirm published results.® 


Grassmann and Schulte-Uebbing, Chem. Ber., 1950, 88, 244. 
du Vigneaud and Miller, J]. Biol. Chem., 1936, 116, 469. 
Kendal, Mason, and McKenzie, ibid., 1929, 84, 669. 
King, Clark-Lewis, and Wade, ]., 1957, 886. 

Tipson, J. Org. Chem., 1956, 21, 1353. 

King and Kidd, /., 1949, 3315. 

Clark-Lewis and Fruton, /. Biol. Chem., 1954, 207, 477. 
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EXPERIMENTAL 


Racemic penicillamine was used throughout this work and the prefix pL has therefore been 
omitted below. 

S-Benzyl-N-phthaloylpenicillamine (11; R = OH) and its Methyl and Ethyl Ester —S-Benzyl- 
penicillamine (10 g.), m. p. 199° (decomp.) [lit.,® m. p. 197—-198° (decomp.)], prepared from N- 
acetylpenicillamine, was heated for 12 hr. with phthalic anhydride (12-4 g., 2 mol.) in boiling 
acetic acid (125 c.c.). The hot filtrate was diluted with boiling water until turbid and the 
product (10 g., 65%), m. p. 161—164°, was collected from the cold solution. Recrystallisation 
from aqueous ethanol or acetone gave S-benzyl-N-phthaloylpenicillamine in prisms, m. p. 164° 
(Found: C, 65-0; H, 5-5; N, 3-8. C. 9H,0,NS requires C, 65-0; H, 5-2; N, 3-8%). Diazo- 
methane gave the methyl ester, prisms, m. p. 92° (from methanol) (Found: C, 65-7; H, 5-9; 
N, 3:9. C,,H,,0,NS requires C, 65-8; H, 5-5; N, 3-7%), and ethanolic hydrogen chloride at 
room temperature for 72 hr. gave the ethyl ester in plates (from ethanol), m. p. 103—104° (Found: 
C, 66-7; H, 5-4; N, 3-3. C,.H,,0,NS requires C, 66-5; H, 5-8; N, 3-5%). 

S-Benzyl-N-phthaloylpenicillaminyl Chloride, Anilide, and Amide.—(a) Acid chloride. Phos- 
phorus pentachloride (6 g., 1-06 mol.) was added to an ice-cold suspension of powdered S-benzyl- 
N-phthaloylpenicillamine (10 g., 1 mol.) in dry chloroform (40 c.c.) and the mixture was cooled 
in an ice-salt bath and shaken intermittently during 35—45 min. The yellow solution was 
filtered through glass wool, and the filtrate was evaporated under reduced pressure (bath-temp. 
20—25°) and the viscous residue was washed by decantation with cold light petroleum (b. p. 
40—60°; 2 x 10 .c.) before dissolution in cold, dry chloroform (40 c.c.); the solution was 
stored in an ice-salt bath. The acid chloride was also prepared from the acid and thionyl 
chloride at room temperature, and with methanol gave the methyl ester, m. p. and mixed 
m. p. 92°. 

(b) Anilide (II; R = NHPh). ‘Aniline (0-6 c.c., an excess) in ether (6 c.c.) was added to a 
stirred solution of the acid chloride (from the acid, 1-9 g.) in cold chloroform (ca. 12c.c.). Next 
day the solvent was removed and the residue was washed with dilute acid and water. S-Benzyl- 
N-phthaloylpencillaminanilide crystallised from acetone-ethanol in needles (0-93 g., 40%), m. p. 
159° (Found: C, 70-4; H, 5-3; N, 6-1. C,,H,,0O,N,S requires C, 70-3; H, 5-4; N, 6-3%). 

(c) Amide (II; R = NH,). A chloroform (2 c.c.) solution of the acid chloride (from 0-25 g. 
of acid) was treated with anhydrous ethereal ammonia at 0°, and the mixture was kept at room 
temperature for several hours and filtered. Evaporation of the filtrate left a residue of S- 
benzyl-N-phthaloylpenicillaminamide which crystallised from ethanol-light petroleum in needles 
(0-174 g., 70%), m. p. 164° (Found: C, 64-9; H, 5-4; N, 7-5. C.9H9O3N,S requires C, 65-2; H, 
5-5; N, 7°6%). 

[S-Benzyl-N-(o-N-benzylcarbamoylbenzoyl) penicillaminyl|benzylamine.—Benzylamine (1-5 c.c.) 
in ether (3-5 c.c.) was added to the above acid chloride (from 1-5 g. of acid) in chloroform 
(10 c.c.) under conditions already described for the anilide. Recrystallisation of the neutral 
product from 90% ethanol gave rectangular plates of the benzylamide, m. p. 169° (Found: C, 72-2; 
H, 6-4; N, 7-7. C3,H,,0,N;S requires C, 72:2; H, 6-2; N, 7-4%). 

S-Benzyl-N-phthaloylpenicillaminylglycine and Ethyl Ester (Il; R = NH°CH,°CO,Et).— 
A chloroform solution (40 c.c.) of the acid chloride, prepared as already described from S-benzyl- 
N-phthaloylpenicillamine (10 g.), was added slowly to a cooled and stirred solution of glycine 
ethyl ester (11 g., 4 mol.) in dry chloroform (60 c.c.). The mixture was kept at room temper- 
ature for several hours, diluted with dry ether, and filtered from glycine ethyl ester hydro- 
chloride. The filtrate was washed with 0-1Nn-hydrochloric acid (2 x 100 c.c.) and water 
(2 x 50 c.c.), and the ethereal layer dried (MgSO,) and evaporated. Crystallisation of the 
residue from ethanol-light petroleum (b. p. 60—80°) gave S-benzyl-N-phthaloylpenicillaminyl- 
glycine ethyl ester (8 g., 65%), m. p. 90—92° raised to 94—95° by recrystallisation from ethanol 
(Found: C, 63-7; H, 5:7; N, 6:2. C,,H,,O;N,S requires C, 63-4; H, 5-8; N, 6-2%). 10N- 
Sodium hydroxide (1-5 c.c., 3-4 equiv.) was added to a solution of the ester (2 g.) in dry ethanol 
(40 c.c.) and when separation of the solid appeared to be complete (ca. 10 min.) the solvent was 
removed under reduced pressure. The residue was dissolved in water (15—20 c.c.) and acidified 
with concentrated hydrochloric acid, and the suspension then heated with sufficient ethanol to 
effect solution at the b. p. Crystallisation gave S-benzyl-N-phthaloylpencillaminylglycine 


* “The Chemistry of Penicillin,’ Princeton Univ. Press, 1949, p. 462. 
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sesquihydrate in rectangular plates (1-24 g., 62%), m. p. 178° after sintering at 118—120° (Found: 
C, 58-6; H, 5-7; N, 62. C,.H,,0,N,S,1-5H,O requires C, 58-3; H, 5-6; N, 6-2%). 

S-Benzylpenicillaminylglycine Ethyl Ester Hydrochloride (II1).—32-8% Aqueous hydrazine 
(2-16 c.c.) was added to a solution of the ethyl phthaloyl ester (10 g.) described in the preceding 
paragraph in a mixture of dioxan (50 c.c.) and ethanol (50 c.c.). A granular precipitate was 
formed when the solution was kept at room temperature and, after 65 hr., the suspension was 
acidified (Congo Red) with hydrochloric acid and kept at 0° for 14 hr. before collection of 
phthalhydrazide. Evaporation of the filtrate (bath-temp. 35—-40°) left a pale yellow viscous 
residue which was shaken with a mixture of aqueous sodium hydrogen carbonate and ether. 
The ethereal layer was dried (MgSO,) and then saturated with dry hydrogen chloride, and the 
amino-ester hydrochloride (4:75 g., 60%), m. p. 106—110°, was collected after 3—4 hr. 
Recrystallisation of the product from ethanol-ether or from propan-2-ol-light petroleum 
(b. p. 60—80°) gave S-benzylpenicillaminylglycine ethyl ester hydrochloride in colourless needles, 
m. p. 110—111° (Found: C, 52-2, 51-9; H, 7-0, 7-3; N, 7-5. C,gH,,0;N,CIS,$H,O requires C, 
52-0; H, 7-1; N, 7:°6%. Found, on material dried at 80°: C, 53-8; H, 7-2; N, 7-5; loss on 
drying, 2-5. C,,H,;0,N,CIS requires C, 53-3; H, 7-0; N, 7-8; loss 2-5%). The corresponding 
dioxopiperazine crystallised from aqueous acetone in needles, m. p. 233°, insoluble in dilute 
hydrochloric acid and in aqueous sodium hydrogen carbonate (Found: C, 60-8; H, 7:1. 
C,,H,,0,N,S requires C, 60-4; H, 6-5%). 

S-Benzylpenicillaminylglycine.—The foregoing ethyl ester and 0-3N-hydrochloric acid (10 c.c. 
per g.) were heated to the b. p. and the filtered solution was treated with sodium acetate. 
Insoluble material was digested with aqueous ethanol and collected next day; crystallisation 
from water gave S-benzylpenicillaminylglycine in plates, m. p. 233—234° (decomp.) (Found: C, 
56-6; H, 6-8; N, 9-4. C,H, 9O3,N,S requires C, 56-7; H, 6-8; N, 9-5%). A solution of the 
dipeptide (0-45 g.) in 2n-hydrochloric acid (0-8 c.c.) evaporated to dryness when stored in a 
vacuum over sodium hydroxide; recrystallisation of the residue from ethanol-ether gave 
S-benzylpenicillaminylglycine hydrochloride, plates, m. p. 225—226° (Found: C, 50-3; H, 6-3; 
N, 8-3. C,gH.90O,N,S,HCI requires C, 50-5; H, 6-4; N, 8-4%). 

DL-Phthaloyl-y-glutamyl-S-benzylpenicillaminylglycine and Ethyl Ester (IV).—A solution of 
S-benzylpenicillaminylglycine ethyl ester hydrochloride (5 g.) and anhydrous sodium acetate 
(1-2 g., 1-06 equiv.) in glacial acetic acid (28 c.c.) was heated with pi-phthaloylglutamic 
anhydride (3-59 g., 1 equiv.) on a steam-bath for 10 min. and then kept at room temperature for 
20 min., filtered, and evaporated under reduced pressure. The residue was shaken with aqueous 
sodium hydrogen carbonate and ether containing a little chloroform, and the aqueous layer was 
filtered through kieselguhr into stirred 5N-hydrochloric acid (25 c.c.), and the precipitate 
(7-3 g., 90%) was collected, washed with a little cold water, and dried over phosphoric oxide. 
DL-Phthaloyl-y-glutamyl-S-benzylpenicillaminylglycine ethyl ester hydrate crystallised from 
ethanol in plates, m. p. 126° after softening at 118° (Found: C, 57-3; H, 5-9; N, 6-7. 
C,gH,,;0,N,S,1-5H,O requires C, 57-1; H, 5-9; N, 6-9%). The a-methyl ester, prepared with 
diazomethane, crystallised from methanol in needles, m. p. 166° (Found: C, 60-6; H, 6-3; N, 
7-1. C39H;,;0,N,S requires C, 60-3; H, 5-9; N, 7-0%). Aqueous 10Nn-sodium hydroxide was 
added gradually to a solution of the ethyl ester (1-1 g.) in ethanol (11 c.c.) until the first 
permanent blue colour was obtained with thymolphthalein as indicator. Addition of one 
further equivalent of 10N-sodium hydroxide (0-58 c.c.) precipitated a sodium salt which, after 
evaporation of the solution to dryness, was dissolved in water. The filtered solution was then 
acidified with 0-5n-hydrochloric acid (10c.c.). DL-Phthaloyl-y-glutamyl-S-benzylpenicillaminyl- 
glycine (0-2 g., 20%) crystallised from aqueous dioxan, or from ethanol containing a little 
dioxan, in needles, m. p. 230—232° (Found: C, 58-5; H, 5-2; N, 8-0. C,,H..O,N,S requires 
C, 58-4; H, 5-3; N, 7-6%). The phthaloyltripeptide (0-12 g., 14%) was also obtained by 
direct coupling of S-benzylpenicillaminylglycine hydrochloride and phthaloyl-pi-glutamic 
anhydride in acetic acid containing sodium acetate (1 mol.). 

y-DL-Glutamyl-S-benzylpenicillaminylglycine (1).—Hydrated phthaloyl-y-pL-glutamyl-S-benz- 
ylpenicillaminylglycine ethyl ester (3-05 g.) in alcoholic 0-87N-potassium hydroxide (11-5 c.c.) 
was heated with 32-8% aqueous hydrazine hydrate * (1-24 g.) under reflux for 2 hr. and the 
solution was then evaporated under reduced pressure. A solution of the residue in water 
(25 c.c.) was adjusted to pH 6-0 with acetic acid, heated on a steam-bath for 1 hr., and then 
filtered from phthalhydrazide. Evaporation of the filtrate at 35—40° left a viscous solution 
which gave y-DL-glutamyl-S-benzylpenicillaminylglycine (1-55 g., 73%) when diluted with 
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ethanol. The deliquescent amorphous tripeptide was reprecipitated from moist alcoholic solution 
by addition of dry ethanol, and it melted in a sealed capillary at 172—173° after sintering at 
116° (Found: C, 53-6; H, 6-4; N, 9-8. C,,H,,O,N,S requires C, 53-6; H, 6-4; N, 9-9%). 
Debenzylation of the tripeptide (0-88 g.) with sodium in liquid ammonia gave a product isolated 
as the mercury derivative (1-58 g.), which was freed from mercury with hydrogen sulphide and 
then converted with cuprous oxide into an unidentified copper derivative (0-33 g.). This was 
precipitated as a pale green powder, m. p. 194° (decomp.), by addition of ethanol (Found: C, 
24-4; H, 4:9; N, 7-7; S, 9-0; Cu, 16-0%). Removal of copper as the sulphide gave an 
amorphous product of indefinite m. p., ca. 178°, which failed to crystallise on slow evaporation 
of an aqueous-ethanolic solution (Found: C, 32-1, 32-7; H, 5-6, 5-6; N, 12-6%). 

Phthaloyl-y-p-glutamyl-S-benzylpenicillamine.—A mixture of S-benzylpenicillamine (1 g.) 
and phthaloyl-pi-glutamic anhydride (1-08 g., 1 mol.) in dry dioxan (20 c.c.) was boiled for 
20 min., filtered, and evaporated under reduced pressure. The residue separated from aqueous 
dioxan as a colourless solid (0-4 g., 19%), m. p. 130—132°, and recrystallisation from aqueous 
alcohol gave phthaloyl-y-pL-glutamyl-S-benzylpenicillamine dihydrate in rectangular plates, m. p. 
130—132° (decomp.) (Found: C, 56-1; H, 5-8; N, 5:3. C,;H,,O,N,S,2H,O requires C, 56-2; 
H, 5-7; N, 5:2%). 

Phthaloylglycyl-S-benzylpenicillamine.—Phthaloylglycyl chloride (4 g., 1 mol.) in glacial 
acetic acid (20 c.c.) was added during 20 min. to a stirred solution of S-benzylpenicillamine 
(8-52 g., 2 mol.) in acetic acid (120 c.c.). The solution was stirred for 2 hr. and kept at room 
temperature for 4 hr. before evaporation under reduced pressure (bath-temp. 45°). The 
residue was treated with 2n-hydrochloric acid, and insoluble material crystallised from aqueous 
ethanol (7-19 g., 95%; m. p. 177—180°). Recrystallisation from ethanol-light petroleum gave 
phthaloylglycyl-S-benzylpenicillamine in hard prisms, m. p. 183° (Found: C, 62-0; H, 5-2; N, 
6-9. C..H,.O;N.S requires C, 61-9; H, 5:2; N, 66%). S-Benzylpenicillamine (ca. 2 g.) was 
recovered by adding an excess of sodium acetate to the acid solution. 

Glycyl-S-benzylpenicillamine.—The preceding phthaloyl compound (3 g., 1 mol.) was heated 
on a steam-bath under reflux with alcoholic 0-33N-potassium hydroxide (21 c.c., 1 equiv.) and 
50% aqueous hydrazine hydrate (0-7 g., 1 equiv.). The solution soon became turbid and after 
40 min. further ethanol (7 c.c.) was added and heating was continued for a total of 2 hr. before 
filtration. The solid residue (3-1 g.) and the filtrate were heated separately with 0-6N-hydro- 
chloric acid (50 c.c.) at 50° for 5 min., and filtered when cold from phthalhydrazide. The 
combined filtrates were partially neutralised with sodium hydroxide before addition of saturated 
aqueous sodium acetate to precipitate the product which was collected and washed with hot 
ethanol (10—15 c.c.). Glycyl-S-benzylpenicillamine (1-68 g., 80%) crystallised in rectangular 
plates, m. p. 228° raised to 231° by recrystallisation from water (Found: C, 56-7; H, 6-8; N, 
9-6. C,,H., O,N,S requires C, 56-7; H, 6-8; N, 9-5%). 


The authors thank the Medical Research Council for a maintenance grant (to W. A. S.). 
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447. Thiazolidines in the Synthesis of Penicillamine Peptides. 
By F. E. Kine, J. W. CLarK-Lewis, G. R. SMITH, and Roy WADE. 


DL-3-Formyl]-2 : 2: 5: 5-tetramethylthiazolidine-4-carboxylic acid, when 
coupled by the Siis method with aniline and with glycine methyl and ethyl 
esters, gave products isolated as the thiazolidine hydrochlorides. The 
p-acid was converted by mixed anhydride coupling and subsequent deformyl- 
ation into D-4-N-methoxycarbonylmethylcarbamoyl-2 : 2: 5 : 5-tetramethyl- 
thiazolidine hydrochloride, an intermediate applicable to the synthesis of a 
p-penicillamine analogue of glutathione. 


THIAZOLIDINECARBOXYLIC ACIDS are useful for the synthesis of peptides from «-amino-$- 
mercapto-acids, as illustrated recently for glutathione.1 These thiazolidines? may be 
prepared by interaction of amino-mercapto-acids and either aldehydes or ketones, but 
only the ssopropylidene derivatives of cysteine }** and penicillamine * have so far been 
applied to peptide synthesis. Unsuccessful attempts to couple ® the thiazoline derived 
from N-acetyl-pL-penicillamine led us to investigate thiazolidine derivatives of penicil- 
lamine as intermediates in peptide synthesis instead of the thiazolines, thereby eliminating 
also the reduction stage entailed with thiazolines. 


anal Meat 
x. NCHO ~. NACI 
Me, (I) Me, (II) 





Me, 





CH*CO*NH'CH,°CO,R 


The known DL-formylthiazolidine * (I; R = OH) was condensed with aniline by the 
phosphorus trichloride coupling procedure’ and the resulting anilide (I; R = NHPh) 
readily converted by methanolic hydrogen chloride into DL-2: 2: 5: 5-tetramethyl-4- 
phenylcarbamoylthiazolidine hydrochloride. Similar condensation of the acid (I; R= 
OH) with glycine ethyl and methyl esters, followed by alcoholysis of the intermediate 
formyl compounds, gave the thiazolidine dipeptide hydrochlorides (II; R = Et and Me). 
The methyl ester hydrochloride (II; R = Me) prepared in this way § has also been obtained 
by interaction of DL-penicillaminylglycine methyl ester hydrochloride and acetone.® 

The phosphorus trichloride coupling procedure caused racemisation ! of the formyl- 
thiazolidinecarboxylic acid derived from L-cysteine, and was therefore avoided in preparing 
D-penicillamine derivatives. Preparation of D-3-formyl-4-N-methoxycarbonylmethy]l- 
carbamoyl-2 : 2: 5: 5-tetramethylthiazolidine (I; R = NH*CH,°CO,Me) was achieved 
instead by mixed anhydride coupling of the p-acid (I; R = OH) with glycine methyl 
ester as already described for the L-cysteine analogue.1 The product was found to be 
dimorphic (m. p.s 88—89° and 120—121°) and was obtained initially in the less stable, 
lower-melting form. Removal of the formyl group with methanolic hydrogen chloride 
then gave the pD-dipeptide ester hydrochloride (II; R = Me) in which the thiol grouping 
is still masked and the amine function is exposed for further coupling to a tripeptide 
derivative, ¢.g., by reaction with phthaloylglutamic anhydride as for the cysteine analogue.! 

The compounds illustrate further the value of thiazolidine intermediates!* in the 
synthesis of «-amino-$-mercapto-acid derivatives. The formyl group is readily removed 

1 King, Clark-Lewis, and Wade, /., 1957, 880. 


* Cook and Heilbron in “ The Chemistry of Penicillin,” Princeton Univ. Press, Princeton, 1949, 
». 921. 
7 Sheehan and Armstrong, 122nd Meeting Amer. Chem. Soc., 1952, Abs. No. 23, p. 15M. 

Sheehan and Yang, ]. Amer. Chem. Soc., 1958, 80, 1158. 

Swindin, Thesis, Nottingham, 1953. 
“‘ The Chemistry of Penicillin,” Princeton Univ. Press, Princeton, 1949, p. 960 
Siis and Hoffman, Annalen, 1951, 572, 96. 
8 Smith, Thesis, Nottingham, 1953. 
® Heilbron and Cook, B.P. 681,900/1952; Chem. Abs., 1954, 48, 735. 
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with alcoholic hydrogen chloride which leaves the thiazolidine ring intact, and the latter 
may then be opened with mercuric chloride; subsequent treatment with hydrogen sulphide 
then liberates the thiol function. Some of the compounds described here formed the 
subject of a preliminary announcement by Sheehan and Armstrong.® 


EXPERIMENTAL 


bL-3-lormyl-2: 2: 5: 5-tetramethylthiazolidine-4-carboxylic Acid.—N - Acetyl-DL-penicil- 
lamine (10 g.) in 1-07N-hydrochloric acid (160 c.c.) was boiled under nitrogen for 16 hr. before 
evaporation under reduced pressure (nitrogen), and the residue was dried azeotropically. 
The penicillamine hydrochloride crystallised when triturated with anhydrous ether, and when 
boiled with acetone (100 c.c.) it gave 2:2: 5: 5-tetramethylthiazolidine-4-carboxylic acid 
hydrochloride (9-45 g.; 80%), m. p. 199° (decomp.). The hydrochloride (7-5 g.) was stirred 
with 98% formic acid (35 c.c.) and sodium formate (2-5 g.) at 20° during addition in 1 hr. of 
acetic anhydride (15 g.). Next day water (15 c.c.) was added and the solution was evaporated 
to dryness under reduced pressure; recrystallisation of the residue from benzene-light petroleum 
(b. p. 60—80°) gave pL-3-formyl-2 : 2: 5 : 5-tetramethylthiazolidine-4-carboxylic acid (6-8 g.; 
94%) in colourless plates, m. p. 141° (lit.,6 m. p. 141—142°). 

DL-3-Formyl-2 : 2: 5: 5-tetramethyl-4-phenylcarbamoylthiazolidine.—Phosphorus _ trichloride 
(0-9 c.c.) was added to the above formyl compound (1-9 g.) and aniline (1-5 c.c.) in dry benzene 
(50 c.c.), and the mixture was boiled under reflux for 5 hr. before being evaporated to dryness 
under reduced pressure. The residue insoluble in aqueous sodium carbonate consisted of DL- 
3-formyl-2 : 2: 5: 5-tetramethyl-4-phenylcarbamoylthiazolidine which crystallised from aqueous 
ethanol (charcoal) in prisms, m. p. 178—179° raised to 182° by recrystallisation (Found: 
C, 62-0; H, 6-6; N, 9-3. C,;H0,N,S requires C, 61-6; H, 6-9; N, 9-6%). 

DL-2 : 2:5: 5-Tetramethyl-4-phenylcarbamoylthiazolidine Hydrochloride——The’ foregoing 
anilide (0-21 g.) was boiled for 5 min. with anhydrous methanol (25 c.c.) containing dry hydrogen 
chloride (2%), and the solution then stored at room temperature. Next day the solution was 
evaporated under reduced pressure and the residue, when triturated with dry ether, gave 
DL-2 : 2: 5: 5-tetramethyl-4-phenylcarbamoylthiazolidine hydrochloride (0-12 g.; 56%), m. p. 
206—208° (decomp.), which crystallised from methanol-ether in prisms, m. p. 212° (decomp.) 
(Found: C, 56-1; H, 6-9; N, 9:5. C,gH,ON,S,HCl requires C, 55-9; H, 7-0; N, 9-3%). 

DL-4-N-Ethoxycarbonylmethylcarbamoyl-2 : 2: 5: 5-tetramethylthiazolidine | Hydrochloride.— 
A mixture of DL-3-formyl-2 : 2: 5 : 5-tetramethylthiazolidine-4-carboxylic acid (1-9 g.), freshly 
distilled glycine ethyl ester (1-7 g.), dry benzene (50 c.c.), and phosphorus trichloride (0-9 g.) 
was heated in a steam-bath for 5 hr. Evaporation of the solution left a residue which was 
dissolved in ether, and the solution was washed with aqueous sodium carbonate and dried 
(MgSO,) before evaporation under reduced pressure. The residue was boiled with 1-5% 
ethanolic hydrogen chloride (25 c.c.) for 5 min., then kept for 14 hr. before evaporation under 
reduced pressure. Recrystallisation of the residue from dry methanol-ether gave pL-4-N- 
ethoxycarbonylmethylcarbamoyl-2 : 2 : 5 : 5-tetramethylthiazolidine hydrochloride in needles, m. p. 
200° (decomp.) (Found: C, 46-6; H, 7-3; N, 8-9. C,,H,.O,;N,S,HCl requires C, 46-4; H, 7-5; 
N, 9-0%). 

DL-4-N-Methoxycarbonylmethylcarbamoyl-2 : 2: 5 : 5-tetramethylthiazolidine Hydrochloride.— 
The formyl compound (1-9 g.) and freshly distilled glycine methyl ester (1-7 g.) were treated 
with phosphorus trichloride in benzene as described above for the ethyl ester, and the neutral 
formyl ester was precipitated from benzene with light petroleum (b. p. 60—80°). Removal 
of the formyl group with dry methanolic hydrogen chloride gave DL-4-N-methoxycarbonyl- 
methylcarbamoyl-2 : 2: 5 : 5-tetramethylthiazolidine hydrochloride (0-97 g.; 38%), which 
crystallised from dry methanol-ether in prisms, m. p. 219—220° (decomp.) (lit.,9 m. p. 225— 
227°) (Found: C, 44-7; H, 7-0; N,91. Calc. for C,,HjO,N,S,HCl: C, 44-5; H, 7-1; N, 9-4%). 

D-3-Formyl-2 : 2 : 5 : 5-tetramethylthiazolidine-4-carboxylic Acid.—Crude potassium benzyl- 
penicillin was hydrolysed in batches of 1 g. or 2 g. with 0-1N-sulphuric acid (or hydrochloric 
acid), and the p-penicillamine, isolated as the mercury derivative, was converted by acetone 
into the thiazolidine hydrochloride, m. p. 198° (decomp.). The hydrochloride was converted 
by formylation as described above for the racemic compound into p-3-formyl-2: 2: 5: 5- 
thiazolidine-4-carboxylic acid (5-18 g.; 13% from the crude potassium benzylpenicillin, 67 g.), 
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m. p. 180—-181°, [a],,2° +-53-7° (1% in EtOH) (lit.,2°m. p. 179—180°, [a],, +54°) (Found: C, 49-5; 
H, 6-9; N, 6-4. Calc. for CJH,,O,NS: C, 49-7; H, 7-0; N, 6-4%). 
D-3-Formyl-4-N-methoxycarbonylmethylcarbamoy 1-2 : 2: 5: 5-tetramethylthiazolidine.—The 
formylthiazolidinecarboxylic acid (5-2 g.) in dry chloroform (60 c.c.) was treated at 0° with 
triethylamine (3-32 c.c.) and isobutyl chloroformate (3-14 c.c.), and after 10 min. a suspension 
of finely powdered glycine methyl ester hydrochloride (3-3 g.; 1-1 mol.) and triethylamine 
(3-65 c.c.; 1-1 mol.) in dry chloroform (30 c.c.) was added. Next day the solution was washed 
with water, aqueous sodium hydrogen carbonate, and water, and dried (MgSO,) before removal 
of the chloroform under reduced pressure. The residue of D-3-formyl-4-N-methoxycarbonyl- 
methylcarbamoyl-2 : 2: 5 : 5-tetramethylthiazolidine crystallised from ethyl acetate—light petroleum 
in prisms (2-74g.; 40%), m. p. 88—89°, {a],24 + 52-9° (0-5% in CHCl,) (Found: C, 50-1; H, 7-1; 
N, 9-6. CysH.O,N,S requires C, 50-0; H, 7-0; N, 9-7%). The dipeptide derivative was 
dimorphic, the more stable form having m. p. 120—121° (alone or when mixed with the material 
of m. p. 88—89°) and [{aj,?* +52-4° (0-5% in CHCl,) (Found: C, 50-7; H, 7-1; N, 10-2%). 
Recrystallisation of the compound of m. p. 88—89° from ethyl acetate—hexane and seeding 
with the higher-melting form gave the dipeptide derivative in elongated prisms, m. p. 120—121°. 
p-4-N-Methoxycarbonylmethylcarbamoyl-2 : 2: 5: 5-tetramethylthiazolidine Hydrochloride.— 
The above formyl dipeptide ester (2 g.) was boiled for 5 min. with dry (Mg) methanol (60 c.c.) 
containing hydrogen chloride (1-5%), and the solution was cooled and evaporated under reduced 
pressure below 30° (bath). The residue crystallised when stored overnight in a vacuum over 
sulphuric acid and sodium hydroxide. Recrystallisation from methanol-—ether (sodium-dried) 
gave the thiazolidine hydrochloride (1-56 g.; 76%) in prisms, m. p. 189—191° (decomp.), {a],,”* 
-+49-5° (0-5% in MeOH), which effloresced in a vacuum over sulphuric acid (Found, on dried 
material: C, 44-0; H, 7-3; N, 9-0. C,,H.O,N,S,HCI requires C, 44-5; H, 7-1; N, 9-4%). 


The authors thank the Department of Scientific and Industrial Research and the Medical 
Research Council for maintenance grants to (G. R. S. and R. W.), and Messrs. Boots Pure Drug 
Company for a gift of potassium benzylpenicillin. 
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10 “‘ The Chemistry of Penicillin,” Princeton Univ. Press, Princeton, 1949, p. 468. 





448. Methylenebisphosphonates and Related Compounds. Part I. 
Synthesis from Methylene Halides. 


By J. A. CADE. 


Two established methods for preparing ethyl methylenebisphosphonates 
can be extended to allyl systems, but with limited success. Only one method 
gave a product suitable for the preparation of resins for complex formation 
with metals. The yield of saturated alkyl esters has been improved, and some 
new esters containing phosphorus are described. 


INTEREST in compounds containing a P-C-P bridge has hitherto been small, but the 
possibility that such compounds could form complexes with metals initiated a search for 
new methods of obtaining them. 

Organic phosphates and phosphonates, in resin form, take up uranium selectively from 
solutions containing a few mg. per 1. Adsorption is considered to involve a chelate 
complex (A). From analogy with the very stable uranyl pyrophosphate complex, for 
which a six-membered ring structure has been suggested,” it was considered * that diphos- 
phonic acids X(PO,H,), might give uranyl complexes (B) of enhanced stability. 

1 Kennedy, Chem. and Ind., 1956, 378; Kennedy and Davies, Chem. and Ind., 1956, 378; A.E.R.E. 
Reports C/R 2329, C/R 2330, and unpublished work. 

* Voegtlin and Hodge, ‘‘ Pharmacology and Toxicology of Uranium Compounds,” McGraw-Hill 


Co., New York, Vol. I, 1949. 
* Kennedy and Lane, personal discussion. 
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Compounds of this type in which X = O, N, S, Sn, or C are known, but for durability 
of the resin it was desirable to have a carbon bridge, since in the other compounds hydrolysis 
affects the essential P-X-P bonds. This paper deals with application of the Michaelis— 
Becker and the Arbusov—Michaelis reaction * to give esters CH,(PO,R;), (R = allyl, to 


Np *\p/ 
(A) natn r UO, / | IN @ 
y, Pus ye 


preserve continuity 1). Yields were small, with formation of large amounts of undistillable 
residues and hazard of explosion during prolonged heating or at high temperatures, all due 
to a tendency for spontaneous polymerisation. The allyl esters, once isolated, could be 
redistilled with high recovery (>90%). The addition of a small quantity of quinol 
increased the yields of monomer. 

Sodium Diallyl Phosphite and Methylene Dihalide——Nylen*® showed that the main 
product (40% yield) from methylene di-iodide and sodium diethyl phosphite was symmetrical 
disodium diethyl methylenebisphosphonate (I), believed to be due to reaction of the 
dialkyl phosphite in the “ enol ” form: 

/ONa 
2(EtO),P: -+ CHglg ——3 CH,[P*(OEt),"ONa], 2i> 


—? CH,[P(O)(OEt)*ONa], (I) + 2Etl 


Sodium iodide, ethyl iodide, diethyl ethylphosphonate, and unchanged reactants were 
identified among the products but the required tetraethyl methylenebisphosphonate was 
not obtained. A reaction not involving elimination of alkyl groups could only be realised 
when a dihalide was used in which the halogen atoms are separated by at least three 
carbon atoins. 

These observations have been corroborated by those for allyl systems. Methylene di- 
iodide or di-bromide with sodium diallyl phosphite gave allyl iodide, diallyl allylphosphonate, 
and disodium diallyl methylenebisphosphonate. It is unlikely that dealkylation occurs as 
depicted by Nylen. Neutral bisphosphonate is probably first formed, then dealkylated by 
halide ions, apparently with the aid of electron-delocalising substituents on the carbon 
atom attached directly to phosphorus in phosphonic acids.® 

Attempts, by various techniques, to exclude moisture and free alcohol, and thus to 
prevent elimination of two alkyl residues, failed to give tetra-allyl methylenebisphos- 
phonate. 

Direct reaction of sodium with diallyl hydrogen phosphite in benzene or toluene was 
unsatisfactory for the preparation of sodium diallyl phosphite because a gel was deposited 
before all the sodium had dissolved. Addition of diallyl hydrogen phosphite to sodium 
allyloxide, followed by removal of allyl alcohol by repeated distillation with toluene, gave 
a very reactive product. When methylene dibromide was added to this, sodium bromide 
was precipitated immediately, but the reaction became uncontrollable after } to } of an 
equivalent of methylene dibromide had been added, even at 0°. (Similar results were 
obtained with the chloride.) This could be prevented by addition of quinol, but reactivity 
was thus reduced and sodium bromide (equivalent in some experiments to 60—75% of 
the bromine in the system) was produced only after warming to 60° for some hours. In 
all experiments allyl bromide was produced, the main product being a viscous residue 
which could not be distilled or crystallised, but which in some cases contained derivatives 
of methylenebisphosphonic acid. 

4 See Kosolapoff, ‘‘ Organophosphorus Compounds,” Wiley, New York, 1950, pp. 121, 123. 

5 Nylen, Diss., Uppsala, 1930, pp. 77—84. 

* Cf., e.g., the preparation of ethyl aryloxymethylphosphonic acid from sodium aryloxide and 
diethyl iodomethylphosphonate; McGuire and Shaw, Chem. and Ind., 1953, 668; J., 1955, 1756. 
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Attempts to obtain resins from some of these residues failed because the degree of 
polymerisation obtainable was insufficient to make them insoluble in water. 

Trialkyl Phosphite and Methylene Dihalide.—There is controversy about application of 
the Arbusov—Michaelis reaction to methylene dihalides. 

Arbusov and Kushkova? isolated only the monosubstitution product (EtO),PO*CH,I 
from methylene di-iodide and triethyl phosphite, failed to obtain the tetraester bisphos- 
phonate therefrom by use of sodium diethyl phosphite, but claimed that diethyl iodo- 
methylphosphonate with potassium diethyl phosphite in 90% ethanol gave diethyl 
hydroxymethylphosphonate, which was the sole product from methylene di-iodide and 
potassium diethyl phosphite in ether. In contrast, Ford-Moore and Williams ® obtained 
the bisphosphonate on using the di-iodide, though some halogenomethylphosphonate 
was also formed. Kosolapoff*® found that when a 50% excess of phosphite is used the 
yield approaches 30%. 

The reactivity of alkyl halides in this reaction is in the order RI > RBr > RCl, and 
decreases with increase in molecular weight. With methylene di-iodide, the by-product 
alkyl halide was produced in a one-phase reaction.” When trialkyl phosphite and an alkyl 
halide of sufficiently high boiling point were heated together, a temperature was attained 
at which reaction became self-ustaining. This temperature differed sufficiently among 
various halides used to be regarded as an approximate measure of the reactivity, which 
was found to be in the order (EtO),PO-CH,Cl < (EtO),PO-CH,Br ~ (EtO),PO-CH,I < 
EtI > C,H,I > CH,]I,, with respect to triethyl or triallyl phosphite. 

Gerrard and Green " have provided evidence that the reaction normally proceeds by 
two successive Sy2 steps. The low reactivity of methylene dihalide may therefore be 
attributed partly to impedance by the negative iodine atom to the in-line end-on approach 
of the phosphorus, necessitating a direction of attack requiring higher energy of activation 

(cf. A), and partly to the higher energy required to break the halogen— 

(RO),P: > C carbon bond when the latter atom is adjacent to another electron-with- 

¢ drawing atom or group. The halogenomethylphosphonates are even 

less reactive, probably because of steric hinderance offered by the 
(RO),P(O)- group, in addition to the foregoing factors. 

The low reactivity of these halides makes the unwanted isomerisation more likely 
when the reactants are mixed before heating, especially as the formation of low-boiling 
alkyl halide tends to prevent the threshold temperature for fast reaction in the main 
sequence being attained. The importance of removing the more reactive by-product 
halide as it is formed has been recognised by previous investigators,® including Kabachnik 
and Medved * who attempted to blow it out with air. The isomerisation can also be 
further controlled by adding the trialkyl phosphite to the inactive halide held at a high 
temperature, at a slower rate than that at which the simple active halide is removed. 
Thus when diethyl iodomethylphosphonate and an excess of triethyl phosphite were merely 
heated together, nearly 90% of the latter reappeared as isomer. If however the phosphite 
was added slowly to the phosphonate at ca. 200° so that the instantaneous concentrations 
of both ethyl iodide and phosphite were kept to a minimum, almost 60° conversion into 
bisphosphonate was achieved. By using an excess of hot methylene di-iodide (the excess 
could be recovered), the yield of iodomethylphosphonate itself was improved to 90% with 
respect to the triethyl phosphite used, by the same technique. This represents a three-fold 
increase in the efficiency of the preparation of the bisphosphonate. The two stages could 
not, however, be combined, for although there was an overall reduction in the amount 
of diethyl ethylphosphonate formed, its accumulation necessitated prolonging the addition 


(A) 


? Arbusov and Kushkova, J]. Gen. Chem. (U.S.S.R.), 1936, 6, 283; Chem. Abs., 1936, 30, 4813. 
* Ford-Moore and Williams, /., 1947, 1465. 

* Kosolapoff, J., 1955, 3092. 

% Contrast Kosolapoff, J. Amer. Chem. Soc., 1944, 66, 1511. 

11 Gerrard and Green, J., 1951, 2550. 

1 Kabachnik and Medved, Jsvest. Akad. Nauk S.S.S.R., 1950, 635; Chem. Abs., 1951, 45, 8444. 
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in order to keep up the temperature and so led to a considerable undistillable residue. 
Apparently more bisphosphonate was formed, but the amount isolated was again only 
about 30%. Diethyl bromomethylphosphonate was nearly as reactive as the iodo-ester; 
an advantage in using the former was that it could be prepared from bromomethylphos- 
phonyl dibromide, without the use of triethyl phosphite. Diethyl chloromethylphos- 


phonate was ineffective. 
The modified method had very limited success with allyl esters, because the prolonged 


TABLE 1. 
No. Compound Yield (%) B. p./mm. ny d, 
BD: RR IE cee tocsscicecssccsrscenzes 90—92 34°/0-06 1-4589 0-999 
SF Be NE viva scvcacaceonssessescrceeers 70—76 40°/0-07 1-4478 1-087 
3 Diallyl allylphosphonate ¢..................... 2 54°/0-08, 72°/0-45 1-4622 1-046 
4 Diallyl chloromethylphosphonate ? ......... 60 83°/0-15 1-4665 1-175 
5 Diallyl bromomethylphosphonate ¢ ......... 72 76°/0-1 1-4842 1-373 
6 Diallyl iodomethylphosphonate ............ 8; 41¢ 102°/0-1 1-5015 1-552 
7 Tetra-allyl methylenebisphosphonate ...... 12 142°/0-1 1-4675 1-132 
8 Diethyl bromomethylphosphonate? ...... 82 121°/15, 56°/0-25 1-4595 1-432 
9 Tetrabutyl methylenebisphosphonate/ ... 45 150—155°/5 x 10°** 14455 1-041 f 
10 Tetrabutyl ethylenebisphosphonate/’ ...... 51 175—178°/5 x 10°** 1-4484, 1-035 
1-4465 ¢ 
* Surface temperature during molecular distillation. + At 25°. Other values at 26°. 


* Prepared by Ford-Moore and Williams’s method.’ * Toy and Cooper !’ give alternative physical 
constants; this ester was prepared by Gerrard’s procedure !® but at 25°. ¢* From triallyl phosphite 
and excess of allyl iodide. An excess of the (low-boiling) iodide was used to avoid rise in temperature 
and possible violent decomposition. The ester was described by Kamai and Kukhtin ™ but the 
physical constants given by them (p*° 1-4600; d?° 1-005) lead to [Ry]p 55-1 (cf. Table 2). * Halogeno- 
methylphosphonyl] dichloride (1 equiv.) was added at —10° to sodium alkoxide (2 equiv.) prepared 
in excess of alcohol. Next morning*the mixture was poured on ice and the oil which separated was 
extracted with methylene dichloride and worked up in the usual way. * Yields from Arbusov and 
Kushkova’s method,’ and the modification described in the Experimental section. ‘4 Prepared by 
the two-stage method used to obtain the tetraethyl ester as described in the Experimental section. 
The intermediate bromo-compounds were not purified. Esters 4—10 are new. 


TABLE 2. 
Required (%) Found (% 

No. Cc H P [Ri]p Cc H Pp [Rri]p 
1 53-5 7-5 15-3 55-33 53-6 7-4 15-3 55-32 
2 44-5 6-85 19-1 39-32 45-25 7-05 19-2 39°17 
3 53-5 75 15:3 53-33 52-95 7-4 15-3 53-17 
4 39-9 5-75 14-7 49-3 39-9 5-75 14-2 49-66 
5 33-0 4-7 12-15 52-2 32-95 4-8 12-4 53-16 
6 27-85 4-0 10-25 57-41 10-4 57-4 
7 46-4 6-6 18-4 82-26 46-65 6-8 18-1 82-5 
8 26-0 5-2 13-4 43-76 25-9 5-4 13-35 44-16 
9 51-0 9-6 15-5 102-54 50-85 9-6 16-1 102-54 

10* 52-2 9-4 14-95 107:19 50°35, 50-3 9-6, 9-6 14-4 107-25 


* This ester is hygroscopic (cf. tetraisopropyl ethylenebisphosphonate’). Physical constants 
were determined in a dry-box, but weighings for the analyses were made in air; so the analytical 
results are low. 


heating produced much residue. Adding triallyl phosphite to hot methylene di-iodide in 
excess gave diallyl iodomethylphosphonate in 41% yield, but the latter with triallyl 
phosphite above 190° gave unidentified unsaturated material boiling at 38°, and at higher 
temperatures violent decomposition was common. An optimum yield of only 12% of 
tetra-allyl methylenebisphosphonate was obtained by the Kosolapoff technique. 

An attempt to obtain diallyl iodomethylphosphonate from the chloromethylphosphonate 
and sodium iodide in dry acetone gave allyl iodide as the only identifiable product. 

The yields and ptoperties of the new esters are in Tables 1 and 2. Calculated values 
of [Rp were obtained from Kabachnik’s atomic constants }* for phosphorus and oxygen 
and Vogel’s values ™ for the organic residues. 


13 Kabachnik, Bull. Acad. Sci. U.S.S.R., 1948, 219; Chem. Abs., 1948, 42, 5736. 
14 Vogel, ‘‘ Textbook of Practical Organic Chemistry,’ Longmans, London, 1948, p. 898. 
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Bulk or emulsion polymerisation of tetra-allyl methylenebisphosphonate produced a 
resin suitable for exchange columns (to be described elsewhere). 


EXPERIMENTAL 

Some analyses (C & H) were by Mr. R. A. D. Smith of Messrs. Albright and Wilson Ltd., 
Oldbury; phosphorus was determined as magnesium pyrophosphate. 

Allyl alcohol was dried (K,CO,) and redistilled; Phosphorus trichloride was redistilled after 
being heated under reflux to expel dissolved hydrogen chloride. Diethylaniline was purified as 
described by Vogel.* Benzene, toluene, ether, and light petroleum were dried over phosphoric 
oxide, decanted, redistilled, and stored over sodium wire. Methylene dibromide was treated as 
was allyl alcohol, and the di-iodide was decolorised over mercury before redistillation under 
reduced pressure. 

Diethyl chloromethylphosphonate was prepared from the acid chloride which was obtained 
from phosphorus trichloride and paraformaldehyde (cf. ref. 15). 

Bromomethylphosphonyl Dibromide.*—To aluminium bromide (280 g., ca. 1 mol.) and 
phosphorus tribromide (272 g., 1 mol.) in a 1 1. flask fitted with a reflux condenser, methylene 
dibromide (500 c.c., excess) was added portionwise with cooling. The mixture was heated 
cautiously, then boiled for 2 hr. It became a homogeneous red liquid. The bulk (350 c.c.) of 
the methylene dibromide was removed by distillation. The residual syrup solidified in a 
desiccator; it was added in lumps to methylene dichloride (1-2 1.) at —20° with stirring. It 
then disintegrated. Water (160 c.c., 8-5 mols.) was added dropwise while the mixture was 
kept at —20°. The precipitate was collected on sintered glass and washed twice with methylene 
dichloride (200 c.c.). The filtrate and washings were distilled to low bulk and degassed at the 
water pump, and the residue was distilled, the fraction (154—180 g., 50—60%), b. p. 130— 
138°/12—14 mm., being collected. Redistillation afforded pure bromomethylphosphonyl 
dibromide, b. p. 118—120°/7 mm., n,,*° 1-512. 

Interaction of Sodium Diallyl Phosphite and Methylene Dihalide.—(a) Sodium (4-6 g., 2 mol.) 
was dissolved in allyl alcohol (100 c.c.) under reflux, and diallyl phosphite (32-4 g., 2 mols.) was 
added at 0°. Methylene di-iodide (26-8 g., 1 mol.) was added during 30 min. with stirring, and 
the solution then warmed at 60° for 2hr. No precipitate was formed. The bulk of the alcohol 
was distilled off and residual volatile matter was removed at 60°/0-1 mm. and trapped at — 80°. 
The combined distillate and trap contents were treated with water, and the insoluble material 
dried (Na,SO,) and distilled, giving allyl iodide (16 g.), b. p. 98—102° (S-thiuronium picrate 
m. p. and mixed m. p. 154—156°), and methylene di-iodide (4-2 g., 15-5% recovery; b. p. 79— 
82°/25 mm., d?° 3-32). The pasty residue (43 g.) was washed with 1:1 acetone-ether until 
free from iodide and recrystallised from methanol-ether, to give symmetrical disodium diallyl 
methylenebisphosphonate (15 g., 50%), m. p. 209—211° (Found: C, 27-8; H, 4-0; P, 21-35. 
C,H,,0,P,Na, requires C, 28-0; H, 4:0; P, 20-6%). The acetone washings were treated with a 
large excess of water; distillation of the insoluble oil which separated gave diallyl allylphos- 
phonate (6-5 g.), b. p. 75—78°/0-5 mm., n,,”° 1-4614. 

(6) Sodium diallyl phosphite was prepared as described in (a) from sodium (4-6 g., 2 mols.) 
and diallyl hydrogen phosphite (32-4 g., 2 mols.) in allyl alcohol, after which the latter was 
removed at 20°/15 mm. To the dry product, toluene (200 c.c.) was added and then a portion 
(100 c.c.) was distilled. The process was repeated until the distillate was free from allyl alcohol. 
To the resulting solution, methylene dibromide (17-5 g., 1 mol.) was added in 30 min. with stir- 
ring at 0°. After about }—4 of the bromide had been added, a violet reaction set in. Some- 
times the bisphosphonate was eventually obtained but the process was unreliable. Methylene 
dichloride gave similar results, and addition of quinol also did not give reliable reactions. 

Separation of methylenebisphosphonic acid. Disodium diallyl methylenebisphosphonate 
(9 g.) was heated under reflux with constant-boiling hydrobromic acid (80 c.c.) for 3 hr. and the 
mixture was then distilled. From the distillate allyl bromide (3-8 g.) was obtained. The 
residual syrup was treated with more acid (50 c.c.) and sodium bromide (4-9 g., 75%) was 
filtered off. The filtrate was evaporated to small bulk, treated with absolute ethanol (50 c.c.), 

18 Kabachnik and Shepeleva, Isvest. Akad. Nauk S.S.S.R., 1951, 185; Chem. Abs., 1951, 45, 10,191. 

16 An example of the Kinnear—Perren reaction, J., 1952, 3437; Cade, A.E.R.E. Report C/M 302. 

17 Toy and Cooper, J. Amer. Chem. Soc., 1954, 76, 2191. 

18 Gerrard, J., 1940, 1464. 

* Kamai and Kukhtin, Doklady Akad. Nauk S.S.S.R., 1953, 89, 309; Chem. Abs., 1954, 48, 7540. 
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filtered, and evaporated, this process being repeated until the residual syrup was free from 
bromide. The residue, after 5 days over phosphoric oxide, gave methylenebisphosphonic acid 
(1-5 g.), m. p. 191—198°. Recrystallisation from ¢ert.-butyl alcohol gave the pure acid § (0-3 g.), 
m. p. 201°. 

Interaction of Triethyl Phosphite and Methylene Di-iodide.—(a) The phosphite (425 g., 2-2 
mols.) and the iodide (311 g., 1 mol.) were heated together under a column (10) containing glass 
helices and a condenser set for distillation. Reaction set in at 148° and the temperature rose 
spontaneously to 200°. Liquid distilled and the temperature was held at 190—200° until the 
distillation ceased (20 min.). The residue gave, by repeated redistillation, diethyl ethylphos- 
phonate (263-6 g., 62%), b. p. 43—45°/0-1 mm., n,,*° 1-4150, diethyl iodomethylphosphonate 
(56-3 g., 7-°9%), b. p. 90—100°/0-2 mm., n,”° 1-4816, tetraethyl methylenebisphosphonate (81-2 
g., 22%), b. p. 122—128°/0-5 mm., »,?° 1-4300, and mixed fractions and residues. The primary 
distillate was combined with the low-boiling forerun from the main products and, after treat- 
ment with dilute hydrochloric acid and drying, gave ethyl iodide (68-6 g.), b. p. 70—73°, a mixed 
fraction (18-9 g.), b. p. 134—140°, and recovered methylene di-iodide (45-8 g., 14-99%), b. p. 175— 
182°. 

(b) The phosphite (183 g., 2-2 mols.) was added to the iodide (134 g., 1 mol.) at 185° which 
was refluxing half-way up the column. The rate of addition was adjusted so that distillation 
(70—110°) occurred steadily and the temperature increased, finally to 220°. Heating was 
continued for a further 10 min. The products were ethyl iodide (128 g., 82%), b. p. 70—73°, 
crude diethyl ethylphosphonate (27-5 g., 15%), b. p. 35—50°/0-1 mm., m,,?° 1-4200, a mixed 
fraction containing the iodomethylphosphonate. (82 g.), b. p. 80—100°/0-1 mm., 7,” 1-4680, 
bisphosphonate (42-5 g., 29-5%), b. p. 100—105°/0-1 mm., m,,° 1-4311, and a residue (32-3 g.) 
(Found: P, 19-8. Calc. for C,H,.O,P,: P, 21-5%). 

(c) The foregoing procedure, with the phosphite (83 g., 1 mol.) and iodide (200 g., 1-5 mol.), 
gave ethyl iodide (74 g., 95%), methylene di-iodide (68 g., 34%), and diethyl iodomethylphos- 
phonate (120 g., 90%), b. p. 96—99/0-5 mm., m,”° 1-5002. The residue (11 g.) contained no 
iodine but pure bisphosphonate was not obtained from it. 

Interaction of Triethyl Phosphite and Diethyl Iodomethylphosphonate.—(a) When the phosphite 
(33-2 g., 2 mols.) and phosphonate (27-8 g., 1 mol.) were heated to 160° ebullition began but no 
violent reaction. Heating was continued, eventually to 180° (15 min.) where liquid began to 
distil (b. p. 60—80°). ‘ nen distillation ceased (15 min.) the temperature was 195° at which the 
reactants were held for lhr. The distillate was ethyl iodide (2 g.) contaminated with triethyl 
phosphite (odour). Distillation of the reaction mixture gave: (i) forerun (4-6 g.), b. p. 40— 
77°/10 mm., n,,*° 1-4128, containing triethyl phosphite; (ii) (15-8 g.), b. p. 77—-83°/10 mm., n,,*° 
1-4150; (iii) (9-0 g.), b. p. 34—50°/0-08 mm., m,,° 1-4198; (iv) (10-1 g.), b. p. 50—98°/0-08 mm., 
n,*° 1-4748; (v) (13-9 g.), b. p. 988—135°/0-08—0-35 mm. (decomp.), ”,° 1-4600; and a residue 
(4-8 g.) which contained iodine. From fractions (iv) and (v) combined, the iodomethylphos- 
phonate (13-5 g., 48-6%), b. p. 80—83/0-08 mm., m,,° 1-4970, was obtained by refractionation. 
From the forerun of this distillation combined with fractions (i)—(iii), diethyl ethylphosphonate 
(29-0 g., 87-4%), b. p. 43—45°/0-08 mm., m,,*° 1-4166, was similarly obtained. Pure tetraethyl 
methylenebisphosphonate was not obtained from the residues. 

(b) The phosphite (33-9 g., 1 mol.) was added to the phosphonate (37-6 g.) at 220° 
as described for the preparation of the latter. The final temperature was 240°. The product 
included ethyl iodide (17-6 g., 83-5%) and tetraethyl methylenebisphosphonate (23 g., 59%), 
b. p. 123—128°/0-5 mm., ,,%° 1-4297. Very little iodomethylphosphonate was recovered. 

Interaction of Triethyl Phosphite with Other Diethyl Halogenomethylphosphonates.—(a) The 
phosphite (40 g., 1-25 mol.) was added in I hr. to diethyl bromomethylphosphonate (44 g., 
1 mol.) at 220—235° as described for the preparation of diethyl iodomethylphosphonate. After 
the usual working up, the products were ethyl bromide (14-5 g., 70%), b. p. 35—38°; diethyl 
ethylphosphonate (19 g., 25%), b. p. 36—40°/0-1 mm., ”,° 1-412; and tetraethyl methylenebis- 
phosphonate (263 g., 48%), b. p. 122—124/0-5 mm., n,,*° 1-4308. 

(b) The phosphite (60 g., 1-1 mol.) was added to heated diethyl chloromethylphosphonate 
(60 g., 1 mol.) at such a rate that the temperature never fell below 220°. The addition required 
14 hr. and crude ethyl chloride (4 g.) collected in a trap (0°) following the distillation receiver. 
There was a phosphine-like odour towards the end of the addition. The mixture was heated 
for a further 2 hr. but no more liquid collected in the trap. Distillation afforded crude diethyl 
ethylphosphonate (36-1 g., 60%), b. p. 72—90°/12 mm., ,,*° 1-416, and a residue (40-8 g.) which 
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decomposed on further heating. Methylenebisphosphonic acid was not obtained by hydrolysis 
of this residue. 

Interaction of Triallyl Phosphite with Methylene Di-todide.—(a) The phosphite (60-6 g., 3 mol.) 
and iodide (26-8 g., 1 mol.) were heated. Vigorous reaction set in at 130°, and liquid distilled. 
After 2 hours’ heating at 170—185° distillation ceased. The products, worked up as in the 
corresponding experiments with triethyl phosphite, were allyl iodide (14-2 g., 42-25%), b. p. 
98—102°, methylene di-iodide (7-5 g., 28%), b. p. 53°/11 mm., d?° 3-31, diallyl allylphosphonate 
(25-5 g., 40%), b. p. 75—79°/0-6 mm., m,,?° 1-4640, diallyl iodomethylphosphonate (12 g.), b. p. 
95—106°/0-6 mm., 7,,”° 1-4995, tetra-allyl methylenebisphosphonate (4-0 g., 8%), b. p. 138— 
140°/0-6 mm., »,,° 1-4675, various mixed fractions, and a residue (18 g.). The maximum yield 
of tetraester obtained in this way was 12%. In one experiment 8% of the iodomethyl- 
phosphonate, b. p. 100—102°/0-5 mm., n,,*° 1-5004, was isolated when purified at the expense of 
other products. 

(b) The phosphite (40-4 g., 1 mol.) and iodide (81 g., 1-5 mol.) gave, by the method described 
for the corresponding diethyl ester, diallyl iodomethylphosphonate (24-8 g., 41%), b. p. 65— 
67°/0-05 mm., ,”° 1-5015. 


The author thanks Mr. J. Kennedy and Dr. E. S. Lane of A.E.R.E., Harwell, and Dr. H. 
Coates of Messrs. Albright and Wilson Ltd., Oldbury, for helpful suggestions and discussions. 


CHEMISTRY Driviston, ATOMIC ENERGY RESEARCH ESTABLISHMENT, 
HARWELL, Dipcot, BERKs. [Received, August 25th, 1958.) 





449. Methylenebisphosphonates and Related Compounds. Part II. 
Synthesis from «-Keto-phosphonates. 


By J. A. CADE. 


By the interaction of dialkyl hydrogen phosphites and dialkyl «-keto- 
phosphonates in the presence of a base, tetra-alkyl 1-hydroxyalkane-1 : 1- 
bisphosphonates (RO),PO-CR’(OH):PO(OR”), are formed. Some sym- 
metrical and unsymmetrical alcohols are described. 


In an unsuccessful attempt to prepare diethyl acetylphosphonate (III) by interaction of 
sodium diethyl phosphite and acetyl chloride, Arbusov and Azanovskaya? obtained as 
the main product of the reaction, tetraethyl 1-ethoxycarbonylethylidenebisphosphonate (V). 
They showed that the reactions involved were (1)—(3), for by starting with keto-phos- 
phonate (III), sodium dialkyl phosphite, and acetyl chloride, the sequence (2)—(3) could 
be realised independently: 


(EtO),PO*Na -+- AcCl ——@ (EtO),P(O)*CO°CH, + NaCi . . . ... . (i) 
(D (IT) (ITT) 
Me 
(I) + (111) ——> — moe Mes 3d) oe ale 
(IV) ONa 
Me 
(IV) + (II) ——> aT ret NaCl a 
OAc (V) 


The intermediate alcohol corresponding to (IV) was not isolated, but recently examples of 

such compounds prepared by this method but with an organic base in place of sodium have 

been reported. Some new 1: 1-bisphosphono-alcohols, (RO),PO*CR’(OH)-PO(OR),, are 
1 Part I, preceding paper. 


* Arbusov and Azanovskaya, Doklady Akad. Nauk S.S.S.R., 1947, 58, 1961. 
3 McConnell and Coover, /. Amer. Chem. Soc., 1956, 78, 4450. 
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now described, and it has been shown that the reaction can be effected with much less than 
one equivalent of sodium.* A trace of organic tertiary base could also be employed to 
initiate the reaction but offered no advantage over sodium because acidic by-products 
tended to hold the base back until the desired product was distilling, whereupon it was 
liberated and contaminated the latter. 

The new alcohols and their physical constants are listed in Table 1; Table 2 contains 
analytical data. Most of the are colourless, practically odourless liquids. Lorentz— 
Lorenz molar refractivities [Ry]p, were deduced from the observed physical constants and 
provide evidence of composition. Calculated values were computed from the atomic 
values for oxygen and phosphorus derived by Kabachnik ° and group values of the organic 
residues given by Vogel. The infrared spectra of the compounds will be described in a 
subsequent paper. 

The stated crude yields were reproducible for reactions carried out on an approximately 
0-25 molar scale. On a larger scale, the yields, in particular of the unsaturated esters, 


TABLE 1. 
Compound 
No. R R’ = Yield (%) * B. p./mm. Np’ a; # 
lt Me Me Me 30 126—128°/0-07 1-4300 1-269 25 
2+ Et Me Et 67 . 125°/0-06 1-4350 1-154 20 
3 A Me A 55 137°/0-15 1-4615 1-137 20 
4+ Pri Me Pr 63 115°/0-06 1-4326 1-072 20 
5 Bu Me Bu 72 159°/0-12 1-4364 1-039 25 
6t Me Me Et 35 124—128°/0-07 1-433 -- 20 
7 Et Me A : 42 126—128°/0-01 1-455 — 20 
8 t Et Me Pri . 40 124—129°/0-1 1-434 — 20 
9 Et Me Bu 35 130°/0-05 1-4370 1-087 25 
10 Me Ph Me -- $ — — — 
11 Et Ph Et 72 149°/0-07 1-4798 1-180 25 
12 Bu Ph Bu 50 180—184°/0-1 1-4786 1-064 20 
13 ¢ Me xX Me 36 140—142°/0-1 1-436 — 25 
14 f¢ Et Y Et -— $ — — — 


A = allyl, CH,;CH-CH,-; X = propenyl, CHMe:CH-; Y = CHMe:CH-CH:CH-. 
* Crude. Purification before characterisation was at expense of yield. + H,O-miscible. { Does 
not distil. 





TABLE 2. 
Com- Found (%) Required (%) 
pound Formula Cc H P [Rip Cc H P [Rip 
1 C,H,,0,P, 27°5 6-1 23-4 53-36 27:5 6-15 23-6 52-92 
2 CypH,,0,P, 38°55 7-7 20-3 72-0 37-75 7-6 19-5 71-52 
3 Cy4H,O,P, 45-7 6-7 16-7 88-48 45-9 6-6 16-9 88-40 
4 C,,H,,0,P, 44-4 8-6 16-7 90-64 44-9 8-6 16-55 90-24 
5 C,,Hy,O-P, 50-0 9-3 14-3 108-43 50-2 9-4 14-4 108-68 
6 C,H,,0,P, —_ 20-9 . ane one 21-35 — 
(oe - —- @ } = - = 
12H,,0,P, ame — 7° = a 7° oa 
9 C,,H,,0,P, 44-6 8-5 16-3 90-22 44-9 8-6 16-55 90-10 
10 C,,H,,0,P, — — 18-9 * — — 19-1 — 
1l C,,H,,O0,P, 47:3 6-9 16-3 91-54 47-4 6-9 16-3 91-23 
12 C,,H,,0,P, 58-7 8-7 11-75 131-15 56-1 8-6 12-6 128-39 
13 C,H,,0,P, 32-5 6-8 20-9 . 33-3 6-3 21-5 —_— 
14 C,,H,,0,;P, 46-2 7-6 15-35 * 45-4 7-6 16-7 — 


* Insufficiently pure ester available. 


were lower, and larger residues were obtained, probably as a result of the prolonged heating 

necessary to disti] proportionately larger quantities. Those compounds in which R, R’, 

or R” were unsaturated were of particular interest since resins containing the essential 
4 Cade, A.E.R.E. Report, C/R 2012, 1957. 


5 Kabachnik, Bull. Acad. Sci. U.S.S.R., 1948, 219. 
® Vogel, ‘‘ Textbook of Practical Organic Chemistry,” Longmans, London, 1948, p. 898. 
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-P(O)-C-P(O)- bridge could be derived from them,? but an opportunity was taken of 
investigating the general applicability of the method. 

Evidence concerning the mechanism of this type of reaction is not yet available but, 
from the qualitative observations that the reaction is base-catalysed and that the higher 
alkyl phosphites react more sluggishly, it may be provisionally depicted as a pre-ionisation 
followed by nucleophilic attack,’ the latter being rate-determining: 


NaO-P(OR), “=> Na* + :PO(OR); 
R’ "Pilg 


~ 
. 


| 
acai Hitmen + a R’ 
o- fe) 
(or B:HP(O)(OR), <_==== B:H* + (RO) P(O)~ et seq.) 


The possibility that for acetylphosphonates the process may be a Michael-type addition 
resulting in formation of an ethylenebisphosphonate (VI), was not overlooked,’ although 
keto-enol tautomerism in «-keto-phosphonates has not yet been established: 


| 


(ROD : — —& (RO),P(O)*CH,*CH(OH)*P(O)(OR), 


H---->C—OH (VD 
P(O)(OR)s 


The reaction between diethyl acetylphosphonate and dibutyl hydrogen phosphite was 
complicated by transesterification, as was that between diethyl hydrogen phosphite and 
dibutyl acetylphosphonate. Each reaction, however, gave among its products the same 
dibutyl diethyl 1-hydroxyethylidenebisphosphonate. The identity of the products was 
based on the concurrence of physical properties and analysis, and the virtually identical 
infrared spectra. 

This observation is good evidence that addition occurs across the double bond of the 
carbonyl group. Further, benzoylphosphonates, which cannot exhibit keto-enol tautomer- 
ism, readily undergo the reaction. 


EXPERIMENTAL 


a-Keto-phosphonates.—The esters were prepared in the usual manner ® by adding trialkyl 
phosphite (1 mol.) to acid chloride (1-1 mol.) at —-10°, allowing the mixture to attain room 
temperature, and distilling the products. New keto-phosphonates were: Diallyl (50—67% 
yield), b. p. 71°/0-25 mm., n,*° 1-4534, dj 1-105 (Found: C, 47-0; H, 6-4; P, 15-1%; [Rr]p 
50-00. C,H,,0,P requires C, 47-1; H, 6-4; P, 15-2%; [Ry]p 49-17), and di-isopropyl acetylphos- 
phonate (62—72%), b. p. 56°/0-1 mm., ,®° 1-419 (Found: P, 14-8. C,H,,0O,P requires P, 
14-9%); dibutyl benzoylphosphonate (65%), b. p. 160—164°/0-1 mm., »,”° 1-4975 (Found: P, 
10-4. C,;H,,0,P requires P, 10-4%); dimethyl crotonoylphosphonate (30%), b. p. 65— 
68°/0-05 mm., ,,”° 1-463 (Found: P, 17-3. C,H,,O,P requires P, 17-4%); diethyl hexa-2 : 4-di- 
enoylphosphonate (49%), b. p. 106—110°/0-07 mm., ,* 1-503 (Found: P, 13-0. C, 9H,,0,P 
requires P, 13-3%). 

Dialkyl Hydrogen Phosphites.—Redistilled commercial products were used, but diallyl 
hydrogen phosphite was prepared as described in Part I.? 

Tetra-alkyl 1-Hydroxyalkylidenebisphosphonates.—To a mixture of dialkyl acetylphosphonate 
(0-25 mole) and excess of dialkyl phosphite (0-3 mole) was added sodium (0-01 g.-atom) dissolved 
in the minimum quantity of alcohol having the same alkyl group as that of the hydrogen phos- 
phite. This reduced the chance of transesterification in preparation of unsymmetrical esters in 
which R +R’. The temperature of the mixture rose spontaneously by 20—60° and was 


7 Kennedy, personal communication. 
* Kosolapoff, ‘‘ Organophosphorus Compounds,” Wiley, New York, 1950, p. 122. 
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kept about 50° higher than the maximum initially attained for 2—4 hr. The exothermicity 
was governed by the nature of the alkyl groups; thus the di-isopropyl esters reacted more 
sluggishly than the ethyl esters in equivalent conditions. After reaction volatile matter was 
removed and the residue was separated into two main fractions by distillation at low pressure. 
Redistillation of the higher-boiling fraction afforded the pure tetra-ester in 50—70% yields. 

An alternative procedure useful for obtaining higher analogues (especially where R’ = 
Ph) was to add the keto-phosphonate to a pre-prepared solution in benzene of an equivalent 
of the sodium dialkyl phosphite, heat the whole under reflux for 2—4 hr., and separate the 
product after aqueous treatment which removed acidic impurities as the sodium salts. 


Ammonia and Transition-metal Halides. 


This work was carried out in the Research Laboratories of Messrs. Albright and Wilson Ltd., 
of Oldbury, during an extra-mural contract with that company in 1955—56. The author 
thanks Mr. R. A. D. Smith (for carbon and hydrogen analyses), Mr. J. A. Chambers (for most 
of the phosphorus analyses), and Dr. H. Coates (for stimulating discussions and advice), also 
Mr. J. Kennedy and Dr. E. S. Lane of A.E.R.E., Harwell. 


CHEMISTRY Division, ATOMIC ENERGY RESEARCH ESTABLISHMENT, 
HarRwWELL, Dipcot, BERKs. [Received, August 25th, 1958.] 





450. The Reaction between Ammonia and Transition-metal Halides. 
Part VI... The Reaction of Ammonia with Tungsten(v1) Chloride. 


By G. W. A. FowLes and B. P. OsBORNE. 


Tungsten(v1) chloride reacts with liquid ammonia to give a series of 
ammoniates, but subsequently undergoes ammonolysis with the formation 
of various ammonobasic tungsten(v1) chlorides. Compounds of overall 
composition WCl,,4NH, and WCI1,,6NH;, which are formed by passing 
ammonia gas through a solution of tungsten(v1) chloride in carbon tetra- 
chloride, contain the ammonobasic products WCIl,(NH,) and WC1,(NH,)>, 
respectively; the thermal decomposition of these compounds is discussed. 


THE reaction of ammonia with transition-metal halides has been studied in detail in 
recent years; 1 covalent halides of the metals in their higher-valency states are ammonolysed 
in liquid ammonia to give an ammonobasic metal halide and the appropriate ammonium 
halide, e.g., TiCl, —» TiCl(NH,)3,2NH, + 3NH,Cl. 

Little work has been done on the analogous reactions of the molybdenum and tungsten 
halides, however, apart from that by Bergstrém,? who cursorily examined the ammonolysis 
of several halides and reported the formation of ammonobasic metal halides of indefinite 
composition. Spacu * studied the tungsten(v1) chloride-ammonia system tensimetrically 
at —75°, and then removed associated ammonia at various temperatures up to 0°; except 
for establishing the formation of a product of overall composition approximating to 
WCI,,6NHs, this investigation gave little information about the reaction. 

Extending our studies on ammonolysis, we now report on the reaction of tungsten(v1) 
chloride with liquid ammonia (as investigated by both tensimetric and washing experiments) 
and with gaseous ammonia (when passed through a solution of the halide in carbon 
tetrachloride). 

EXPERIMENTAL 


Materials.—Liquid ammonia (from Imperial Chemical Industries Limited) was dried (Na) 
before distillation into the apparatus im vacuo. Tungsten(v1) chloride was prepared by the 
action of chlorine on pure tungsten powder (Messrs. Johnson and Matthey) at 600° in a quartz 
tube; traces of tungsten(v1) oxychlorides were also formed, but were sublimed off in vacuo 

1 Part V, Fowles and Nicholls, J., 1959, 990. 


2 Bergstrém, J. Amer. Chem. Soc., 1925, 47, 2317. 
3 Spacu, Bull. Sect. sci. Acad. Roumaine, 1940, 22, 329. 
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(Found: Cl, 53-4. Calc. for WCl,: Cl, 53-6%). Carbon tetrachloride (“ AnalaR’’) was 
dried over, and distilled from, phosphoric oxide immediately before use. 

Analyses.—Nitrogen was determined as ammonia by distillation from alkaline solution into 
hydrochloric acid followed by titration with standard sodium hydroxide (B.D.H. 4-5 indicator). 
Chlorine was determined potentiometrically by titration with silver nitrate, in a sodium acetate— 
acetic acid buffered solution, silver-silver chloride and mercurous sulphate electrodes being 
used. Tungsten was determined by reduction to the tervalent state with lead amalgam, 
followed by addition of ferric alum and titration with potassium dichromate with sodium 
diphenylaminesulphonate as indicator; a modified form of Holt and Gray’s apparatus * was 
used. 

Magnetic-moment Measurements.—These were made at room temperature on a Gouy-type 
balance, at a field strength of 8000 gauss. 

Reactions and Tensimetric Studies —These were carried out in the usual type of all-glass 
closed vacuum system,®* with joints and stopcocks lubricated with Silicone grease. 

(i) Passage of ammonia vapour through a solution of tungsten(v1) chloride in carbon tetra- 
chloride. Tungsten(v1) chloride dissolved in carbon tetrachloride to give a red solution, and 
when ammonia vapour, in a stream of well-dried oxygen-free nitrogen, was passed through the 
solution, a green precipitate formed, but this became chocolate-brown with excess of ammonia. 
The green and the brown product were isolated by stopping the reaction at the appropriate 
stage, filtering in vacuo, and washing out any unchanged tungsten(v1) chloride with carbon 
tetrachloride. The products were analysed after removal of excess of carbon tetrachloride 
at the pump [Found, for green product: WCl,: NH, = 1-00: 4-20 (1-00: 4-35). Found, for 
brown product: WCl,: NH, = 1-00: 6-04 (1-00: 5-95)]. Both products were heated in vacuo 
from room temperature to 200°, and any evolved products were condensed and examined. The 
results are in Table 1. 


TABLE 1. Thermal decomposition of WCl,,4NH, and WC1,,6NHs3. 


WCI1,,4NH, WCl,,6NH, 
ne TE WR BI oisicccencccncicesensscccssnsisncspntensons -- 1 mole NH, 
ch EE Cr ee 1-8 moles HCl 1 mole HCl 
EE EEE hetcivisnenhabunitdamaceinnd ecbihecimanstaracencuiasaeiueen 2-0 moles 2-84 moles 
Analysis of black residue remaining at 200° (W : Cl: N)...... 1-0: 2-05: 1-60 1-0: 2-18: 1-82 


* The liberated gas was identified by its vapour density and by simple chemical tests. 


(ii) Washing procedure. Tungsten(v1) chloride largely dissolved in liquid ammonia to give 
a deep reddish-brown solution, although a small amount of brown solid remained undissolved 
even on prolonged washing with liquid ammonia. The composition of this residue, which 
contained about 10% of the original tungsten, varied from experiment to experiment within 
the limits W: Cl: N = 1-0: 2-5: 3-4 and 1-0: 1-9: 3-8 although it approached the latter ratio 
in the majority of cases. The solid was diamagnetic. 

When excess of ammonia was evaporated from the filtrate, a heterogeneous solid remained, 
which after pumping for several hours was hydrolysed in situ and analysed. In expressing 
the results of the analysis of several products (cf. Table 2) we have assumed that the soluble 


TABLE 2. Soluble portion. 
N : Cl ratio, W being assumed to be present as: 


Run No. WCl,(NH,), WC1,(NH,), 
l 1-00 : 0-72 1-00 : 0-96 
2 1-00 : 0-68 1-00 : 1-11 
3 1-00 : 0-65 1-00 : 1-02 


portion is a mixture of ammonium chloride and an ammonobasic tungsten(v1) chloride, so that 
from the determined tungsten content, the associated nitrogen and chlorine required for each 
of the more likely compounds can be calculated. The N : Cl ratio for the remaining nitrogen 


* Holt and Gray, Ind. Eng. Chem., Anal., 1940, 12, 144. 
5 Fowles and Pollard, J., 1953, 4128. 
& Idem, J., 1953, 2588. 
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and chlorine (cf. Table 2) should then be 1:1, corresponding to ammonium chloride. A 
tensimetric run on the soluble portion-ammonia system showed the presence of ammonium 
chloride. 

(iii) Tensimetric experiments. A known excess of ammonia was condensed on a known 
weight of the halide at liquid-oxygen temperatures; a very vigorous reaction took place when 
the reaction vessel was surrounded with a slush bath at — 36°, and the vessel was shattered on 
several occasions. The reaction was made less energetic by using a detachable vessel, and 
shaking constantly while the contents warmed to —36° during several hours; at —80° an 
orange product formed, which later became brown. The tensimetric plot subsequently obtained 
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at —36° [(a) in Figure] showed two univariant portions with pressures of 40 mm. and 19 mm. 
which extended over composition ranges of 6 and 2 moles of NH;/mole of WCl,, respectively. 
From this plot it is evident that a bivariant system, probably representing a general desorption 
of ammonia, is also present. 


TABLE 3. Dissociation pressures of the “‘ A’”’ and “ B”’ ammoniates of WCl,. 


** A” ammoniate “B” ammoniate 
I snesieistcessicdes —38-9° —22-0° —11-0° —64:5° —49-0° -—38-0° —28-0: 
Prem. G08.) .......:. 16-0 56-0 122-0 5-0 19-0 43-0 91-0 


The dissociation pressures of these ammoniates (referred to in future as “‘ A” and “ B’’) 
were measured over a 30° temperature range (Table 3), and from the integrated form of the 
van’t Hoff equation AH values of 8-10 and 8-90 kcal./mole, respectively, were calculated. 
The tensimetric curves were reproducible (in ten experiments) to within 0-4 mole of NH;/mole 
of WCl,. The overall composition of the solid remaining after removal of excess of ammonia 
at —36° was WCl,,4NHs. 

Despite constant shaking and slow attainment of the equilibrium temperature (—36°), a 
violent reaction still occurred in about a quarter of the experiments, and, as with experiments 
in which the reaction vessel was warmed directly to —36°, the product was heterogeneous and 
contained white particles. In some eight experiments in which the reaction vessel survived 
the initial reaction, tensimetric plots were made in the usual way, and in every experiment a 
new univariant step appeared in the curve. This step occurred at a pressure corresponding 
to the dissociation NH,Cl,3NH, == NH,Cl + 3NH;,, showing that ammonium chloride was 
now present. The amount of ammonium chloride triammoniate found varied, and was in 
inverse proportion to the amount of “‘ A’’ and ‘‘ B”’ ammoniate present, showing that these 
ammoniates disappeared as ammonium chloride was formed. In limiting experiments, in 
which the ‘‘ A’”’ and ‘‘ B”’ ammoniates were no longer present [(b) in Fig.], the univariant 
portion corresponding to the dissociation of NH,CI,3NH, had a length of about 8 moles of 
NH,/mole of WCl,, showing the presence of 2—3 mol. of ammonium chloride. On removal 
of excess of ammonia (at — 36°) the remaining product had an overall analysis of WCl,,9NHs. 

The compositions of the final products of tensimetric runs were confirmed by direct analysis. 
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DISCUSSION 


Although the two compounds obtained by passing ammonia gas through a solution of 
tungsten(v1) chloride in carbon tetrachloride had overall compositions approximating to 
tetra- and hexa-ammoniates, it is unlikely that they are simple adducts, because this 
implies covalencies of 10 and 12 for the tungsten atom. A covalency of 12 is plainly 
impossible, but it has been suggested ? that the tungsten atom achieves a covalency of 10 
in such complex anions as [W(CN),(NH,).]*~. There are three alternatives to considering 
these products as simple adducts: (1) The covalency may be limited to 8 by considering 
only two ammonia molecules to be bonded directly to the tungsten atom, with the 
remaining molecules more loosely held by “ secondary bonding,” rather like that in the 
ammoniates formed by the cobaltammine ions; ® (2) cationic complexes may be formed, 
e.g., [WCl,(NH,)4]?*2Cl- and [WC1,(NH,),]**4Cl-; (3) ammonolysis has taken place, so 
that the products are mixtures of ammonobasic tungsten(v1) chlorides and ammonium 
chloride. The first two suggestions must be ruled out because an uncharged adduct such 
as WC),,2NH, could hardly attract significantly further ammonia molecules at room 
temperature, and sexavalent tungsten is too acidic to form cationic complexes. 

At room temperature, it is more likely that ammonolysis has taken place, and if, 
moreover, the tetra- and hexa-ammoniates are formulated as mixtures containing one 
and two moles of ammonium chloride respectively, then their thermal decomposition 
in vacuo is readily interpreted. 

The formation of ammonium chloride at 130° in both decompositions implies that 
ammonia and hydrogen chloride are being liberated simultaneously and recombining on 
the cooler parts of the reaction vessel, since pre-formed ammonium chloride would not 
sublime im vacuo below 180—200°. 

The tetra-ammoniate would decompose according to the sequence: 


(1) 
NH,Cl +WCI,(NH,),2NH; ——3> NH,C! + WCI,(NH,).NH; + NH; 
4@ recombine giving NH,Cl 
NH,C! + WCI,(NH), + 2HCI <¢—— NH,CI + WCI,(NH,)s + HC! 


As soon as reaction (1) has taken place, reaction (2) follows, so that 1 mol. of ammonium 
chloride is formed, and together with that present initially in the mixture will give a total 
sublimate of 2 mol. of ammonium chloride at 200°. 

The hexa-ammoniate differs from the tetra-ammoniate in liberating 1 mol. of ammonia 
around 100° and only 1 mol. of hydrogen chloride above 130°, and its thermal decom- 
position is probably: 


2NH,Cl + WCI,(NH,)3.2NH, ——B> 2NH,CI + WCI,(NH,)3,NHs + NH 


2NH,CI + WCI,(NHg)s + NH, 
}rcein giving NH,Cl 
2NH,CI + WCI,(NH), + HCl <@— 2NH,CI + WCI,(NH,)(NH) + HCI 


The final product of either decomposition would be WC1,(NH),. Analysis shows that this 
is certainly the major product, and the rather low nitrogen content is attributed to some 
side reaction. 

The low-temperature reactions with liquid ammonia are essentially of two distinct 
types, first, those in which only addition ammoniates are formed, and secondly, those 
in which ammonolysis takes place. The first type of reaction takes place when 
tungsten(v1) halide and ammonia are allowed to warm slowly to —36°, and on these 


7 Jak6b and Jakéb, Roczniki Chem., 1952, 26, 492. 
* Spacu and Voichescu, Z. anorg. Chem., 1940, 243, 268. 
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occasions the tensimetric curves show only the presence of two simple ammoniates, and 
the final formation of a tetra~ammoniate when excess of ammonia is removed at the 
reaction temperature. This tetra-ammoniate is quite different from that obtained in the 
flow runs, in being steel-blue, rather like tungsten(v1) chloride itself, and in gradually 
losing some of this ammonia on warming to room temperature and above. It is not 
perhaps unreasonable to consider this low-temperature product to be a simple adduct 
in which the tungsten atom achieves a covalency of 10. 

This is in agreement with the absence of ammonium chloride triammoniate from the 
tensimetric plots. Higher ammoniates (‘“‘ A” and “ B’’) are also formed, although the 
ease with which the additional ammonia is removed at —36° and the AH values of 8—9 
kcal./mole show that the ammonia is very weakly held, as with the higher ammoniates 
of many metal halides. 

In the violent reaction, ammonolysis is indicated by the heterogeneous nature of the 
product and confirmed by the tensimetric experiments. Moreover, the reaction products 
now contain smaller amounts of the “ A”’ and “ B”’ ammoniates—in inverse proportion 
to the amount of ammonium chloride present—showing that the compound which forms 
these ammoniates disappears as ammonium chloride is formed. The probable explanation 
is that, although tungsten(v1) chloride initially forms ammoniates (in the tranquil reaction), 
it subsequently undergoes ammonolysis with considerable violence. The maximum 
ammonolysis observed in the tensimetric experiments (that when the “A” and “B” 
ammoniates were no longer present) [cf. Fig. (b)] corresponds to an equilibrium position 
in which 2—3 tungsten-chlorine bonds have been ammonolysed. 


When tungsten(v1) chloride is exposed to a large excess of liquid ammonia at its boiling 
point, then ammonolysis is evidently much more complete. Most of the product is soluble, 
and analysis of this portion shows it to be a mixture of excess of ammonium chloride and 
the ammonobasic tungsten(v1) chloride, WCl,(NH,).; the small insoluble portion appears 
to be a mixture of WCI,(NH,), and WCI,(NH,),. It seems likely that when WC1,(NH,). 
is formed, it is complexed by the ammonium chloride with the formation of a soluble 
anionic tungsten species such as [WC],(NH,),]*~, similar to the behaviour in the titanium(v1) 
iodide-ammonia system.! The more highly ammonolysed products remain undissolved, 
since most of the ammonium chloride is removed in the first washing. The formation 
of a complex anion in liquid ammonia also explains Bergstrém’s observation that, although 
the product is entirely soluble in concentrated solutions, an ammonobasic tungsten(Iv) 
chloride is precipitated on dilution, since complex formation would take place most 
readily in a high concentration of chloride ion. When the liquid ammonia is removed, 
as in the tensimetric experiments, then the complex anions will be unstable, so that the 
ammonium chloride is available to form its normal triammoniate. The tungsten-blue 
colour which developed when the products of the tungsten(v1) chloride-ammonia reaction 
were placed in acid solution suggests that some reduction might have taken place, but the 
diamagnetism of the products shows that reduction is in fact insignificant. 


We thank the Department of Scientific and Industrial Research for a maintenance grant 
(to B. P.O.) 


SOUTHAMPTON UNIVERSITY. [Received, November 17th, 1958.] 


® Biltz, Z. anorg. Chem., 1923, 180, 93. 
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451. The Reaction of 4-Hydroxycinnoline-3-carboxylic Acid with 
Pyridine and Acetic Anhydride. 
By J. S. Moriey. 

The constitution of the product formed by warming together the reactants 
named in the title has been shown to be (II; R’ = H) and not (IIS) * as 
reported previously. The degradative work involved in this proof (see the 
“New Scheme ’’) illustrated the ready nuclear halogenation of 2-arylazo- 
pyridines by aqueous halogen acids (VII —» VIII and IX). Syntheses of 
2-o-carboxyphenylazopyridine (VII) (involving condensation of o0-nitroso- 
benzoic acid with 2-aminopyridine in 50% aqueous sodium hydroxide), its 
4-chloro-derivative (VIII), the indazolone (IX), and a number of intermediate 
or related products are described. 


IN 1946, Schofield and Simpson ! found that treatment of 4-hydroxycinnoline-3-carboxylic 
acid (I; R’ = H) (1 part) with a mixture of pyridine (4-5 parts) and acetic anhydride (6-5 
parts) produced a substance, m. p. 217°, of formula C,,H,,O,Ns, in good yield, according 
to the equation C,H,O,N, + C;H;N + Ac,O —» C,,H,,0,N, + AcOH + H,O. Using 
the production of ‘* Reissert ’’ compounds from quinoline, acid chlorides, and potassium 
cyanide as a model, they formulated the product as a resonance hybrid of three species 
with the carbonium form (IIS) * making a major contribution. The substance was highly 
reactive and various reactions were described; when, for example, it was refluxed with the 
lower alcohols, or with aniline in benzene, it gave a series of amphoteric adducts, which 
were assigned the structures (IIIS; R = Me, Et, and Pr‘; and also NHPh in place of OR). 
Schofield and Simpson attempted to verify these structures by degradation, which they 
considered to follow the scheme given as “ Schofield and Simpson’s Scheme.’’ The key 
product, produced from several of the compounds in the series, was a yellow base, 
C,3H,N;,2H,O, m. p. 152-5—153-5°, which Schofield and Simpson formulated as 4-2’- 
pyridylcinnoline (VIS). It was, however, difficult to explain the ease of oxidation of this 
base to an acid, C,,H,O,N;, m. p. 146—147° (formulated as VIIS), and the conversion of 
this by boiling 5n-hydrochloric acid into a mixture of an orange-pink amphoteric compound, 
m. p. 195°, and a colourless weak ampholyte, m. p. 254° (formulated as VIIIS and IXS 
respectively). Doubt was later cast on the whole proposed scheme by the synthesis ? of 
4-2’-pyridylcinnoline (VIS), which was not identical with the base, m. p. 152-5—153-5°, as 
postulated. 

An alternative explanation seemed possible. Formation of the initial product, 
C,gH,,0;N,, appeared analogous to the production of ‘‘ Besthorn’s Red” (X) from similar 
reactants.+# The resulting expression (II; R’ = H) explained the various transformations 
satisfactorily. Thus the action of alcohols would lead to §-keto-esters (III; R = Me, 
Et, Pr‘) (these substances were soluble in alkali and gave characteristic red-violet ferric 
reactions), and other products in the scheme could be formulated as (IV) and (V). 

However, it was still difficult to assign a constitution to the yellow base (VIS), m. p. 
152-5—153-5°. Its formula, C,;HgN3,2H,O was considered by Schofield and Simpson to 
be “ eventually proved by analysis of the picrate, which was solvent-free; the styphnate 
was monohydrated, and the hydrochloride was a dihydrate.’’ Nevertheless, their 
analytical figures agreed equally with a formula C,,H,ON,,H,O (the hydrochloride as 
monohydrate, and picrate and styphnate anhydrous) with the possible exception of those 
for the picrate. Our own figures for the picrate differed somewhat from Schofield and 

* The use, in this paper, of the suffix S against a formula number, e.g. (IIS), denotes a structure 


proposed by Schofield and Simpson ' for a substance now shown to have the structure carrying the 
unmodified formula number, e.g., (II). 


1 Schofield and Simpson, /J., 1946, 472. 

2 Schofield, J., 1949, 2408. 

* Besthorn and Ibele, Ber., 1904, 37, 1236; 1905, 38, 2127. 
* Besthorn, Ber., 1913, 46, 2762. 
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Simpson’s and agreed closely with a formulation C,,;H,ON; for the base. Moreover, after 
drying for 16 hours over phosphoric oxide at 60° in vacuo, the base gave figures correspond- 
ing to the anhydrous formula, C,,HJON;. The betaine structure (VI; R’ = H) then 


Schofield and Simpson’s Scheme. 
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became possible for the base. Its formation, by oxidation of the hypothetical precursor 
(XI) (which can arise from II, III, IV, or V by normal hydrolytic processes), is not abnormal 
in view of the ready oxidation of dihydrocinnolines to cinnolines, and a somewhat similar 
betaine (XII) is readily produced by the dehydrogenation of (XIII) and crystallises as a 
hydrate.5 

The oxidation of the base became readily understood on the basis of this proposed 
structure. The expected oxidation product, 2-o-carboxyphenylazopyridine (VII), possessed 
the empirical formula assigned to the acid (VIIS) and its expected properties agreed well 
with those described by Schofield and Simpson. Moreover, the constitution of the products 
(VIIS) and (LXS) of the action of boiling 5n-hydrochloric acid became clear. Under such 
conditions, 4-phenylazopyridine gives 4-(/-chlorophenylhydrazino)pyridine,® and similar 
nuclear halogenations of 2-arylazopyridines have been reported by Colonna eé al.2® By 
analogy, (VII) should give 2-(2-carboxy-4-chlorophenylhydrazino) pyridine (XIV; R’ = Cl) 
which by cyclisation could give the indazole (IX), and by oxidation the azo-compound 
(VIII). The presence of chlorine in the two products was not suspected in the original 
work, but it is present and the analyses agree with the new structures postulated. 

Our interpretations are shown in the “‘ New Scheme.” To test its correctness the 
pyridine-acetic anhydride reaction was applied to 6-chloro-4-hydroxycinnoline-3-carboxylic 
acid. A chloro-zwitterion (II; R’ = Cl) was thereby obtained which, by degradations 
analogous to (II —» VI, and VI —» VII), gave a chloro-acid corresponding to (VII), 
which was identical with (VIII). 
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Final proof was by synthesis. 2-o-Carboxyphenylazopyridine (VII) was obtained by 
condensing o-nitrosobenzoic acid with 2-aminopyridine in 50°, aqueous sodium hydroxide 
(after abortive attempts to perform this reaction in acetic acid). 5-Chloro-2-2’-pyridyl-3- 
indazolone (IX) was obtained as one product on condensation of 5-chloro-2-hydrazino- 
benzoic acid with 2-chloropyridine and was identical with Schofield and Simpson’s colourless 
ampholyte, m. p. 254° (as were the monomethyl derivatives). The 1-2’-pyridyl isomer 
(XV; R’ = Cl) was a second product from the latter condensation. Reducing the acid 

§ Kornfeld, Fornefeld, Kline, Mann, Morrison, Jones, and Woodward, J. Amer. Chem. Soc., 1956, 
78, 3094, 3111. 


* Koenigs, Freigang, Lobmayer, and Zscharn, Ber., 1926, 59, 321. 
7 Colonna and Risaliti, Gazzetta, 1955, 85, 1148; 1956, 86, 288. 

® Colonna, Risaliti, and Serra, ibid., 1955, 85, 1508. 

® Cf. Campbell, Henderson, and Taylor, J., 1953, 281. 
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(VIII) catalytically or by stannous chloride or thiol compounds gave 2-(2-carboxy-5- 
chlorophenylhydrazino)pyridine (XIV; R’=Cl), the hydrochloride of which, when 
heated in ethanol at 170—180°, likewise gave the indazole (IX). 

A further point deserves mention. Degradation of the ketone (V) to the betaine (VI) 
by alkaline hydrolysis gave two by-products to which Schofield and Simpson ! assigned 
the structures (XVI; R = OH and CO,H). When the analogy of the hypothetical pre- 
cursor (XI) [arising from (V) by a normal hydrolysis] to indoxyl is considered, oxidation 
by air in alkaline media may be considered likely. Ring contraction, by unexceptional 
processes, of the oxidation products could then lead to indazoles. One of Schofield and 
Simpson’s by-products was an acid, m. p. 169—170° (decomp.). This is probably 2-2’- 
pyridylindazole-3-carboxylic acid (XVII; R = CO,H), and the derived base, obtained by 
decarboxylation, is probably (XVII; R=H). The other by-product, an ampholyte, 
m. p. 186-5—187-5°, was identified as 2-2’-pyridyl-3-indazolone (XVIII) ; it was synthesised 
by heating the hydrochloride of 2-0-carboxyphenylhydrazinopyridine (XIV; R = H) 
[obtained by reduction of (VII)] in ethanol at 170—180°. o-Hydrazinobenzoic acid with 
2-chloropyridine gave only one pyridylindazolone (the corresponding reaction of 5-chloro- 
2-hydrazinobenzoic acid led to both isomers), which was not identical with (XVII; R = 
OH) and must therefore be the l-isomer (XV; R’ = H); this conclusion was supported by 
the infrared absorption spectrum. 

5-Chloro-2-hydrazinobenzoic acid, used in the synthetical work, was obtained in 
moderate yield from 5-chloroanthranilic acid by the general procedure of Pfannsteil and 
Janecke,” together with an unidentified nitrogenous product which was converted into 
m-chlorobenzoic acid by aqueous sodium hydroxide. 5-Chloro-2-hydrazinobenzoic acid 
readily gave 5-chloro-3-indazolone (XIX) when boiled with dilute aqueous hydrochloric 
acid. . 

EXPERIMENTAL 

Reaction of 6-Chloro-4-hydroxycinnoline-3-carboxylic Acid with Pyridine and Acetic An- 
hydride.—6-Chloro-4-hydroxycinnoline-3-carboxylic acid (10 g.), pyridine (45 ml.), and acetic 
anhydride (65 ml.) were heated together on the steam-bath for 1 hr. The olive-green crystals 
of anhydro-(5-acetyl-2-chloro-5 : 13-dihydro-12-hydroxy-13-oxocinnolino[2,3-c]pyrido[1,2-a}imid- 
azolinium hydroxide) (II; R’ = Cl) (13-8 g., 94%), decomp. > 240°, were collected, washed with 
dry ether, and dried at 80° im vacuo (Found: C, 58-8; H, 3-0; N, 12-8. C,,H,»0O,N,Cl requires 
C, 58-65; H, 3-1; N, 12-8%). 

Anhydro-6-chloro-4-hydroxy-2-pyridylcinnolinium Hydroxide (V1; R’ = Cl).—A suspension of 
the anhydride (II; R = Cl) (13-8 g.) in 2nN-hydrochloric acid (800 ml.) was heated under reflux 
for 5 hr., after which the clear, yellow solution was cooled and neutralised to pH 6—7 with 
solid sodium carbonate. Yellow crystals separated first during the neutralisation, whilst the 
mixture was acid to Congo Red; at pH 5—7 this changed to a red gum which was slowly con- 
verted into a granular yellow solid. The resulting mixture was stirred for 1 hr. at room 
temperature, then the solid (9-6 g., 88%), m. p. 158—161°, was collected, washed with water, 
and recrystallised from ethanol, yielding yellow needles (8-0 g.), m. p. 162—163° (after drying 
at 80°), of anhydro-6-chloro-4-hydroxy-2-2'-pyridylcinnolinium hydroxide (VI; R’ = Cl) (Found: 
C, 60-4; H, 3-1; N, 16-2. C,;H,ON,Cl requires C, 60-6; H, 3-1; N, 16-3%). The hydrate, 
m. p. 132—133°, obtained by air-drying, reverted to the anhydrous material after drying at 
80°. The compound was sparingly soluble in boiling water and in ether, and easily soluble in 
cold, dilute mineral acids. 

The annexed Table gives analytical figures for the analogue (VI; R = H). 

2-(2-Carboxy-4-chlorophenylazo)pyridine (VIII).—2% Aqueous potassium permanganate 
(450 ml.) was added during 1 hr. to a vigorously stirred suspension of compound (VI; R’ = Cl) 
(3 g.) in water (200 ml.) at 40—45°. The mixture was stirred for a further } hr. at 40—45°, 
the excess of permanganate was removed by addition of ethanol, and the mixture was filtered. 
Acidification of the orange-yellow filtrate to pH 3-8—4-2 with hydrochloric acid gave almost 
pure 2-(2-carboxy-4-chlorophenylazo) pyridine (VIII) (2-3 g.), m. p. 190—192°, which separated 
from aqueous ethanol in orange-red needles, m. p. 192—193° (Found: C, 54-9; H, 3-2; N, 16-0. 


10 Pfannsteil and Janecke, Ber., 1942, 75, 1104. 
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Analytical values found (a) by Schofield and Simpson } and (b) in the present work 
for the base (V1; R’ = H) and its salts. 


Found (%) Required (% 

Cc H N Formula Cc H N 

Base (VI; R’ =H) (a) 63-75 46 17-25 C,,;H,N;,2H,O 64-2 5-35 17-3 
C,,;H,ON;,H,O 64-7 4-6 17-4 

(6) 69-7 4-0 18-7 C,,H,N,;,H,O 69-3 4-9 18-6 

C,;H,ON, 69-9 405 18-8 

Hydrochloride ... (a) 57-3 4:15 15°55 C,,;H,N;,HCI1,2H,O 55-8 5-0 15-0 
C,,H,ON;,HC1,H,O 56-2 4:35 15-1 

Picrate  ............ (a) 51-75 2-75 18-85) C,3H,N;,C,H,O,N, 5-23 28 193 
(6) 503 27 —_ C,;H,ON,,C,H,O0,N, 50-45 27 186 

50-7 2-6 — 

Styphnate (a) 483 2:45 18-85 Cy3HyN3,C,H,O,N;,H,O 48-5 3-0 17-9 
C,,H,ON;,C,H,O,N, 48-7 2-6 17-95 


Calc. for C,,H,O,N,Cl: C, 55-1; H, 3-1; N, 16-05%). Schofield and Simpson’s sample ! 
(Found: C, 54:95; H, 3-0; N, 16-05%) prepared by the action of hydrochloric acid on 2-o- 
carboxyphenylazopyridine (described by them as a C,,H,O,N, acid, m. p. 194—195°), and a 
mixture of the two samples also had m. p. 192—193°. The infrared absorption spectra of the two 
samples were identical. 

2-0-Carboxyphenylazopyridine (VII).—o-Nitrosobenzoic acid ™ (15-9 g., 0-105 mole), 2- 
aminopyridine (9-4 g., 0-1 mole), and 50% aqueous sodium hydroxide (94 ml.) were vigorously 
stirred at 85—90° for 5 hr., after which water (125 ml.) was added. The mixture was stirred for 
a further } hr. at 80—85°, then cooled and filtered. The solid residue was dissolved in warm 
water (250 ml.), and the warm filtered solution was acidified with acetic acid, yielding 2-o- 
carboxyphenylazopyridine (11-45 g., 51%), which separated from ethyl acetate in orange-red 
prisms, m. p. 144—145° (Found: C, 63-3; H, 4:0; N, 18-1%. Calc. for C,,H,O,N,: C, 63-45; 
H, 4-0; N, 185%). A sample prepared by the method described by Schofield and Simpson 
(referred to in their paper as substance XIV, m. p. 146—147°), and a mixture of the two samples 
also had m. p. 144—145°. The infrared absorption spectra of the two samples were identical, 
and both samples gave the same picrate, m. p. 173—174° (Found: C, 47-3; H, 2-6; N, 18-5. 
Calc. for C,,H,O,N;,C,H,O,N,;: C, 47-4; H, 2-65; N, 18-4%). 

Acidification of the alkaline mother-liquors gave a red-brown solid (4-9 g.), m. p. 233—235°, 
which on recrystallisation from ethyl acetate and ethanol gave pale-yellow prisms (0-84 g.), 
m. p. 253—255° (decomp.), of azoxybenzene-2 : 2’-dicarboxylic acid (Found: C, 59-0; H, 3-6; 
N, 9-9. Calc. for C,,H,,O;N,: C, 58-75; H, 3-5; N, 98%). 

5-Chloro-2-hydrazinobenzoic Acid.—A stirred suspension of 5-chloroanthranilic acid (57 g., 
0-31 mole), water (300 ml.), and concentrated hydrochloric acid (340 ml.) was diazotised at 
0—3° with sodium nitrite (21-6 g., 0-3 mole) in water (200 ml.), then added in 30 min. to water 
(2400 ml.) saturated with sulphur dioxide at 0—5°. During the addition sulphur dioxide was 
bubbled through the mixture, and the temperature was kept at 5—10°. The mixture was left 
at room temperature overnight, then filtered (residue A). Addition of concentrated hydro- 
chloric acid (3 1.) to the ice-cooled filtrate gave a colourless precipitate of a hydrochloride, m. p. 
197° (decomp.), which yielded 5-chloro-2-hydrazinobenzoic acid (25 g.) (44%), m. p. 230—235° 
(decomp.), when stirred with aqueous sodium acetate. Recrystallisation from aqueous 2- 
ethoxyethanol gave almost colourless needles of the pure product (16-1 g.), m. p. (variable with 
rate of heating) 265° (decomp.; sintered at 160—180°) (Found: C, 45-2; H, 3-8; N, 14-9. 
C,H,O,N,Cl requires C, 45-1; H, 3-8; N, 15-0%) The benzylidene derivative, which rapidly 
separated when benzaldehyde was added to a solution of the crude or recrystallised product in 
acetic acid, separated from ethanol in yellow prismatic needles, m. p. 249—250° (decomp.) 
(Found: C, 60-9; H, 3-8; N, 10-4. C,,H,,O,N,Cl requires C, 61-2; H, 4:0; N, 10-2%). 

The residue A (33 g.), m. p. 160° (decomp.), reduced warm Fehling’s solution and was recovered 
unchanged after treatment with aqueous sodium acetate. Rapid recrystallisation from 
aqueous ethanol gave colourless needles of a substance, m. p. 160° (decomp.) (Found: C, 41-7; 
H, 2-5; N, 7-2; S, 7-0%). A solution of this (1 g.) in 3N-sodium hydroxide (5 ml.) was heated 
under reflux for 15 min. Acidification then gave m-chlorobenzoic acid (0-55 g.), needles (from 
water), m. p. and mixed m. p. 154—155°. 

5-Chloroindazolone.—5-Chloro-2-hydrazinobenzoic acid (2 g.) (recrystallised), water (200 ml.), 

1! Bamberger and Pyman, Ber., 1909, 42, 2306. 
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and concentrated hydrochloric acid (5 ml.) were heated under reflux for 1 hr. Pure 5-chloro- 
indazolone (1-8 g.), which separated, was collected and recrystallised from acetic acid as colourless 
needles, m. p. 273—275° (decomp.) (Found: C, 50-3; H, 3-0; N, 16-7. C,H,ON,Cl requires 
C, 49-9; H, 3-0; N, 16-6%). 

5-Chloro-1- and -2-2’-pyridyl-3-indazolone.—Crude 5-chloro-2-hydrazinobenzoic acid (9-15 g., 
0-048 mole), 2-chloropyridine (5 g., 0-044 mole), and ethanol (40 ml.) were heated at 170—180° 
for 5hr. The crystals (0-9 g.) which separated on cooling were collected (mother-liquor A) and 
dissolved in boiling water (25 ml.) containing sufficient sodium hydroxide to give alkalinity to 
Clayton Yellow paper. Acidification of the hot solution with acetic acid gave a colourless 
precipitate of 5-chloro-2-2’-pyridyl-3-indazolone (0-32 g.) (IX), which separated from acetic 
acid in pale-yellow prisms, m. p. 251—252° (Found: C, 58-7; H, 3-3; N, 17-2. Calc. for 
C,,H,ON,Cl: C, 58-65; H, 3-3; N, 17-1%). A sample prepared by the method described by 
Schofield and Simpson,! and a mixture of the two samples, also had m. p. 251—252° (Schofield 
and Simpson? give m. p. 253—254° and C, 58-05; H, 3-25; N, 17-6%). Infrared analysis 
(Nujol mull) showed the absence of a broad band in the 2500—2700 cm. region and the presence 
of strong bands at 3120 and 1660 cm.}. Ultraviolet absorption in methanol (1 mg. per 100 
ml.): Amax, 254, 292, 298, 340—345 my (log e 4-17, 4-15, 4-14, 3-61). An identical indazolone was 
produced when an ethanolic solution of 2-(2-carboxy-5-chlorophenylhydrazino)pyridine hydro- 
chloride was heated at 170—180° as described below for preparation of 2-2’-pyridyl-3-indazolone. 

The alcoholic mother-liquor A was treated with water (60 ml.), and the solid (3-6 g.), m. p. 
209—211°, which separated, was collected. Recrystallisation from acetic acid and then from 
ethanol afforded pale fawn needles of 5-chloro-1-2'-pyridyl-3-indazolone (1-1 g.), m. p. 251—252° 
(Found: C, 59-3; H, 3-4; N, 17-2%) (a mixture of this with the 2-isomer had m. p. 218—220°), 
Vmax. (Nujol mull) 2500—2700, 1600 w cm."}, Anax, (in methanol; 1 mg. per 100 ml.) 260, 337 mz 
(log ¢ 4:32, 4-14). The infrared and ultraviolet data indicate that the l-isomer exists mainly 
in the enol form, and the 2-isomer in the keto-form. 

Methylation of 5-Chloro-2-2’-pyridyl-3-indazolone.—A solution of the indazolone (0-1 g.) in 
hot 0-5n-potassium hydroxide (5 ml.) was cooled rapidly to 50°, then shaken with dimethyl 
sulphate (0-06 ml.) for 10 min. at 45—50°. The solid (0-06 g.), m. p. 125—126°, which separated, 
was isolated by ether-extraction and recrystallised from aqueous methanol, affording colourless 
prismatic needles of 5-chloro-1 : 3-dihydro-1-methyl-3-0x0-2-2’-pyridylindazole, m. p. 123—124° 
(Found: C, 60-2; H, 39%; M, 249. C,,;H,ON,Cl requires C, 60-1; H, 39%; M, 260). 

2-0-Carboxyphenylhydrazinopyridine.—(a) 2-o-Carboxyphenylazopyridine (2-27 g., 0-01 mole) 
in ethanol (100 ml.) was shaken with hydrogen at room temperature pressure in the presence 
of palladium oxide. Absorption of hydrogen (1 mol.) ceased after ~1 hr. The solid, which 
separated, was collected and digested with cold 0-5n-sodium hydroxide (30 ml.). Acidific- 
ation of the filtered digests with acetic acid gave the crude hydrazine (2-05 g.), m. p. 220° 
(decomp.), which separated from 2-ethoxyethanol in almost colourless needles, m. p. 232° 
(decomp.) (Found: C, 62-7; H, 4-8; N, 18-2. C,,H,,O,N; requires C, 62-9; H, 4-85; N, 18-3%). 
The hydrochloride separated when a hot solution of the base (1 g.) in water (10 ml.) and concen- 
trated hydrochloric acid (2 ml.) was cooled; recrystallisation from methanol-ether afforded 
needles, m. p. 243—244° (decomp.) (Found: C, 54:4; H, 4:8; N, 15-5. C,,H,,O,N;,HCl 
requires C, 54-3; H, 4-6; N, 15-8%). 

(b) A solution of 2-0-carboxyphenylazopyridine (2-27 g., 0-01 mole) in chloroform (25 ml.) 
was treated dropwise with thiophenol (1-13 ml., 0-011 mole) at 20—22°, then set aside at room 
temperature for 2 days. The solid (1-84 g.), m. p. 215° (decomp.), was collected and recrystal- 
lised from 2-ethoxyethanol, yielding fawn needles of the hydrazine, identical with a sample 
described in (a). Similar results were obtained by using ethanethiol. 

2-(2-Carboxy-4-chlorophenylhydvazino)pyridine.—Prepared by methods (a) and (bd), this 
compound separated from 2-ethoxyethanol in almost colourless needles, m. p. 252—253° (decomp.) 
(Found: C, 54-6; H, 3-7; N, 15-5. C,,.H,)9O,N,Cl requires C, 54-6; H, 3-8; N, 15-9%). 

2-2’-Pyridyl-3-indazolone (XVIII).—2-0-Carboxyphenylhydrazinopyridine hydrochloride (2 
g.) and ethanol (20 ml.) were heated at 170—180° for 5 hr. The indazolone (0-75 g.), m. p. 
185—186°, separated on cooling, and a further crop (0-3 g.), m. p. 176—178°, was obtained by 
addition of water to the mother-liquors. Recrystallisation from ethanol containing a trace of 
aqueous sodium hydrogen carbonate gave pale-yellow prismatic needles, m. p. 186—187°. A 
sample prepared by alkaline degradation of compound (V) by Schofield and Simpson’s pro- 
cedure,! and a mixture of the two, had m. p. 186—187° (Found: C, 68-1; H, 4-4; N, 19-8. 
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Calc. for C,,H,ON,: C, 68-2; H, 4:3; N, 19-9%). Infrared analysis (in Nujol) showed the 
absence of a broad band at 2500—2700 cm." and the presence of strong bands at 3180 and 
1655 cm.*1, indicating, as with the 5-chloro-derivative, that the compound exists mainly in the 
enol form. 

-2’-Pyridyl-3-indazolone.—o-Hydrazinobenzoic acid (7-4 g.), 2-chloropyridine (5 g.), and 
ethanol (40 ml.) were heated together at 170—180° for 5 hr. The cooled product was treated 
with water (80 ml.), yielding crystals of 1-2’-pyridyl-3-indazolone (1-21 g.), pale-yellow needles 
(from methanol), m. p. 204—205° (Found: C, 68-6; H, 4-4; N, 19-9. C,,H,ON, requires 
C, 68-2; H, 4-3; N, 19-9%), broad band (Nujol mull) between 2500 and 2700 cm., weak band 
at 1660 cm."}, Amax (in methanol) (1 mg. per 100 ml.) 255 my (log ¢ 4-32, 4-25). 


The author thanks Professor R. B. Woodward for helpful discussion, and Dr. J. M. Pryce 
and Mr. W. K. Thompson for the ultraviolet and infrared spectroscopic examinations. 
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452. Acyl Isothiocyanates. Part III.1 Properties of Some 
Phosphoroisothiocyanatidates. 


By D. T. EL_more and J. R. OGLE. 


Diphenyl phosphoroisothiocyanatidate affords good yields of addition 
products with amines, methanol, and methanethiol. Some N-diphenoxy- 
phosphinylthioureas are remarkably sensitive to hydrolysis, and possible 
mechanisms are considered. Addition and substitution are competitive 
when amines react with diethyl phosphoroisothiocyanatidate, but the 
controlling factors have not been satisfactorily elucidated. Attempts to 
prepare dibenzyl phosphoroisothiocyanatidate and its derivatives are 
described. 


EARLIER papers in this series +? have described some of the chemistry of simple acyl 
isothiocyanates. Depending on various conditions mentioned therein, reaction of these 
compounds with nucleophiles may occur in either of two ways; addition to the isothio- 
cyanate group affords N-acylthiocarbamoyl compounds, whereas substitution at the 
carbonyl-carbon atom gives N-acyl derivatives. In the present paper, we record some 
experiments with phosphorus-containing isothiocyanates. Phosphorous and phosphoric 
tri-isothiocyanates were the subject of early studies by Miquel and by Dixon,? but interest 
in isothiocyanates of phosphorus has revived only in the last decade with the synthesis of 
esters (I) of phosphoroisothiocyanatidic acid. The diethyl ester (I; R = Et) was the 
first compound of this type to be prepared,*5 but the reported properties were not consistent. 
This discrepancy has been resolved by more recent studies,*? as well as by the present 
work. The diphenyl ester (I; R = Ph) was prepared by Kenner, Khorana, and Stedman,’ 
and several other aryl derivatives are now known.®?_ Phosphoroisothiocyanatidates have 
commonly been prepared by treatment of phosphorochloridates in a suitable solvent with 
potassium thiocyanate,*57-8 and the latter also reacts with tetraphenyl pyrophosphate to 
give diphenyl phosphoroisothiocyanatidate.6 Michalski and Wieczorkowski ® have recently 
? Part II, Elmore and Ogle, J., 1958, 1141. 


* Elmore, Ogle, Fletcher, and Toseland, J., 1956, 4458. 
% Miquel, Ann. Chim. “as Yate 11, 341; Dixon, J., 1901, 79, 541; Dixon and Taylor, J., 1908, 
93, 2148; Dixon, J., 1904, 85, 3 
¢ Saunders, Stacey, Wild, a Wilding, J., 1948, 699. 
5 Cook, Ilett, Saunders, Stacey, Watson, Wilding, and Woodcock, J., 1949, 2921. 
* Michalski and Wieczorkowski, Roczniki Chem., 1955, 29, 137; 1957, 31, 585. 
7 Leuchenko and Zhmurova, Ukrain. khim. Zhur., 1956, 22, 623. 
* Kenner, Khorana, and Stedman, J., 1953, 673. 
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devised a novel synthesis, which involves the oxidation of dialkyl phosphites with thio- 
cyanogen; this recalls the preparation of phosphorochloridates by chlorination of 
phosphite diesters.® 

Phosphoroisothiocyanatidates have been reported to react additively with amines ®7-® 
and alcohols. We have found that diphenyl phosphoroisothiocyanatidate in inert 
solvents reacts additively with a variety of amines to give the corresponding thioureas (II) 
in good yield. Since diphenyl phosphoroisothiocyanatidate in aqueous dioxan at pH 8-5 
was hydrolysed completely within 5 min., experiments, similar to those between benzoyl 
isothiocyanate and amino-acids in aqueous solution,’ were precluded. The consumption 
of 2 moles of alkali per mole of isothiocyanatidate at constant pH, however, indicated that 
hydrolysis comprised only a nucleophilic attack at the phosphorus atom, in contrast to 
the behaviour of benzoyl isothiocyanate. It thus appears that diphenyl phosphoroiso- 
thiocyanatidate is intermediate in properties between aliphatic and aromatic acyl 
isothiocyanates. 

Methanol and methanethiol afforded the expected thioncarbamate (III; R= Ph, 
X = QO) and dithiocarbamate (III; R= Ph, X = S) respectively. The latter was of 
interest as a potential reagent for procuring the stepwise degradation of peptides from 
the N-terminus." It reacted rapidly with glycine ethyl ester in ethanol to give N-di- 
phenoxyphosphinylthiocarbamoylglycine ethyl ester (II; R= Ph, R’ = CH,°CO,Et, 
R’’ = H), identical with a sample prepared directly from the phosphoroisothiocyanatidate 
and glycine ethyl ester. Similar reactions with glycylglycine ethyl ester afforded only 
intractable gums, which appeared to contain the expected product, but could not 
be purified. Hot, dilute acids degraded the glycine derivative (Il; R= Ph, R’= 
CH,°CO,Et, R” = H) to 2-thiohydantoin in low yield, while the gummy product from the 
peptide ester broke down in acids in a complex manner, and only traces of 2-thiohydantoin 
were detected. A possible explanation of these observations lies in the peculiar lability to 
hydrolysis of the N-diphenoxyphosphinyl group in certain thioureas discussed below. 
These results, together with the insolubility of the dithiocarbamate, discouraged us from 
further examination of its possible use as a reagent in the stepwise degradation of peptides. 

We were surprised to find that N-aryl-N’-diphenoxyphosphinylthioureas were 
extremely readily hydrolysed. For example, #-(N-diphenoxyphosphinylthiocarbamoy]l)- 
aminobenzoic acid (IV; R = p-CO,H) or its ethyl ester, which were obtained by reaction 
of diphenyl phosphoroisothiocyanatidate and p-aminobenzoic acid in dry ether or ethyl 
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p-aminobenzoate in dry acetonitrile, was quantitatively and rapidly converted into 
p-carboxyanilinium or p-ethoxycarbonylanilinium diphenyl phosphate during attempted 
recrystallisation from aqueous ethanol. N-Diphenoxyphosphinyl-N’-phenylthiourea sur- 
vived this treatment, but was hydrolysed to anilinium diphenyl phosphate after 8 hr. in 

* McCombie, Saunders, and Stacey, J., 1945, 380; Atherton, Openshaw, and Todd, ibid., p. 382. 

10 Zhmurova, Ukrain. khim. Zhur., 1956, 22, 627. 

11 Elmore and Toseland, J., 1954, 4533. 
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refluxing water. In contrast, p-(N-benzoylthiocarbamoyl)aminobenzoic acid and N-cyclo- 
hexyl-N’-diphenoxyphosphinylthiourea were stable under these conditions. It appears 
from these results that the diphenoxyphosphinyl group has some characteristic, not 
possessed by the benzoyl group, which promotes lability to hydrolysis. An electron- 
attracting group at the other end of the molecule also appears to be necessary. In addition 
to the above products, thiocyanate ion (approximately 0-9 equivalent) was found in the 
hydrolysate of the thiourea (IV; R = CO,Et). Hydrogen sulphide, an expected break- 
down product of thiocyanic acid, was also usually evolved. Several reaction mechanisms 
are possible, and these may occur concurrently, especially since the pH drops during 
reaction. Hydrolysis of the thioureas (II; R = Ph, R’ = aryl, R’ = H) may occur at 
a, b, or c. While we cannot be certain of the mechanism in absence of a kinetic investig- 
ation, we propose that, by using the d-orbitals of phosphorus, a molecule of water is added, 
and this step is followed by a synchronous cleavage at both a and c, as recently suggested 
by Grob ™ to explain the cleavage of certain y-aminoalkyl halides. A synchronous 
mechanism is preferred, since the ~N-CS-N< system is planar. The mechanism 
also requires the simultaneous action of electron-donating and electron-attracting groups 
at opposite ends of the molecule. The tendency of the intermediate (V) to lose 
a proton might provide the former, while the latter influence could be derived from the 
electromeric effects of the aromatic ring. Replacement of this by the electron-donating 
cyclohexyl group would explain the stability of N-cyclohexyl-N’-diphenoxyphosphinyl- 
thiourea. This mechanism accounts for the formation of thiocyanate ion and diphenyl 
phosphate. It appears that inductive electron-withdrawai is also effective, since N-di- 
phenoxyphosphinylthiocarbamoylsarcosine -toluidide (II; R= Ph, R’ = Me, R” = 
CH,°CO-NH-C,H,Me-/) was completely hydrolysed by boiling aqueous dioxan in 15 min. 
It is worth noting that N-diphenoxyphosphinylthiocarbamoyl derivatives of amino-acids, 
if they were readily available, would be useful compounds for peptide synthesis, since the 
protecting group could be removed under very mild conditions. A number of simple 
N-acylthiocarbamoylamino-acids have been converted into amides by standard procedures 
for peptide synthesis.}* 

Nucleophilic attack by a water molecule at the phosphorus atom of the N-diphenoxy- 
phosphinylthioureas (IV) could result in cleavage of the P-N bond and lead to diphenyl 
phosphate and a thiourea, which might be further hydrolysed under the acidic conditions. 
For example, we found that after equimolar quantities of diphenyl phosphate and N-phenyl- 
thiourea had been heated in refluxing water for 8 hr., only 30°% of the thiourea could be 
recovered; in addition, anilinium diphenyl phosphate (23°) was isolated and thiocyanate 
ions were present in solution. Since, under similar conditions, N-diphenoxyphosphinyl-N’- 
phenylthiourea afforded 84°, of the theoretical yield of anilinium diphenyl phosphate, the 
above mechanism can make only a minor contribution. Nucleophilic attack of water 
molecules at the thiocarbonyl-carbon atom could theoretically result in cleavage at either 
borc. Both mechanisms are considered unlikely, since in each case one product would be 
diphenyl phosphoramidate, and it is unlikely that this would be hydrolysed to any 
appreciable extent under the conditions of hydrolysis of, e.g., p-(N-diphenoxyphosphinyl- 
thiocarbamoyl)aminobenzoic acid. 

The physical properties of our sample of diethyl phosphoroisothiocyanatidate were in 
accord with those most recently described.*’? Moreover, the presence in the infrared 
spectrum of a broad band at 1980—2050 cm. with a shoulder at ca. 2070 cm.*+, similar 
to those observed for alkyl isothiocyanates, diphenyl phosphoroisothiocyanatidate, and 
benzoyl isothiocyanate," reinforces the conclusion of Michalski and Wieczorkowski,* based 
on molar refractivity measurements, that the compound is an isothiocyanate rather than a 


18 Grob, Helv. Chim. Acta, 1955, 38, 594; Experientia, 1957, 18, 126; Kekulé Symp. Theor. Org. 
Chem., London, Butterworths, 1958. 

18 Elmore and Toseland, /., 1957, 2460. 

4 Lieber, Rao, and Ramachandran, Spectrochim. Acta, 1959, 18, 296; Elmore and Ogle, unpublished 
observations. 
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thiocyanate. We attribute the low frequency of the isothiocyanate band to conjugation 
with the P=O group. Although diethyl phosphoroisothiocyanatidate afforded crystalline 
thioureas after reaction with a variety of amines, yields were usually less than 50% of 
theoretical, and we believe that nucleophilic substitution at the phosphorus atom competes 
strongly with addition at the isothiocyanate group. In order to gain insight into the factors 
controlling the relative rates of the competing reactions, we allowed the phosphoroisothio- 
cyanatidate in benzene or acetonitrile to react with aniline, ethylamine, cyclohexylamine, 
and t-butylamine under standard conditions and determined the ratio of thiourea to 
thiocyanate ion formed. The results were disappointing, since, although we could usually 
account for 100 + 5°% of reactant used, yields were rather variable under a particular set 
of conditions and not very sensitive to change of base or solvent. 

(Note Added, April 27th, 1959.—Very recently, Kulka (Canad. J. Chem., 1959, 37, 525) 
has reported that diethyl phosphoroisothiocyanatidate is readily decomposed to ethyl 
thiocyanate. The physical properties of our preparation agree closely with those recorded 
by Kulka, but it is possible that our sample had partially decomposed on storage. This 
would explain, to some extent, the low yields of addition products with amines and would 
mask effects due to change of base and solvent.] 

The preparation of dibenzyl phosphoroisothiocyanatidate, as expected, presented 
considerable difficulty. The ready monodebenzylation of dibenzyl phosphorochloridate 
by tertiary bases has already been observed,®.and our own experience in the synthesis of 
benzyloxycarbonyl isothiocyanate ® confirmed earlier reports 4* on the ease with which 
benzyl esters are attacked by thiocyanate ions. Accordingly, reaction between potassium 
thiocyanate and dibenzyl phosphorochloridate was conducted in a mixture of carbon 
tetrachloride and acetonitrile at 20°, but the rate of formation of isothiocyanatidate 
appeared to be inconveniently slow. Oxidation of dibenzyl phosphite with thiocyanogen 
seemed a more attractive approach, but numerous experiments revealed its capriciousness. 
No attempt was made to isolate the phosphoroisothiocyanatidate, and addition of aniline 
consistently afforded the O-benzyl-N-phenylthiocarbamoylphosphoramidic acid [isolated 
as its cyclohexylammonium (VII; R = C,H,,) or anilinium (VII; R= Ph) salts] in 
10—15% yield. Presumably, monodebenzylation was effected by thiocyanate ions. 
After oxidation of dibenzyl phosphite at —10°, N-dibenzyloxyphosphinyl-N’-phenyl- 
thiourea (II; R= Ph-CH,, R’ = Ph, R” =H) was isolated. Several experiments 
using cyclohexylamine and methanethiol gave no crystalline addition products. 


EXPERIMENTAL 


Diphenyl phosphoroisothiocyanatidate (I; R = Ph) was prepared by a modification of the 
method of Kenner e¢ al.; *§ the volume of acetonitrile was reduced to one-fifth of that previously 
used. The mixture was heated under reflux for 30 min., cooled to 0°, and filtered without 
addition of benzene. After removal of solvent, the product was purified by distillation at 
0-01 mm. (bath-temp. 210—230°) or by short-path distillation at 130—140°/0-001 mm., then 
having m, 1-5840. The isothiocyanate group gave rise to a broad peak at 1970—2040 cm.* 
with a shoulder at ca. 2120 cm. in the infrared spectrum. 

Methyl N-Diphenoxyphosphinylthioncarbamate (III; R = Ph, X = O).—Diphenyl phosphoro- 
isothiocyanatidate (1 g.) was heated in methanol (5 c.c.) for 2 hr. Evaporation of solvent 
under reduced pressure afforded the hygroscopic thioncarbamate (0-9 g.), which had m. p. 
129—130° after recrystallisation from ethyl acetate—light petroleum (b. p. 40—60°) (Found: 
C, 52-2; H, 44; N, 4-6; P, 10-1; S, 9-6. Calc. for C,,H,,O,NSP: C, 52-0; H, 4-4; N, 4-3; 
P, 9-6; S, 99%). Zhmurova ¥ records m. p. 132—-134°. 

Methyl N-Diphenoxyphosphinyldithiocarbamate (III; Kk = Ph, X = S).--(a) Diphenyl 
phosphoroisothiocyanatidate (7-25 g.) and methanethiol (5 g.) were kept in acetonitrile (50 c.c.) 
for 5 days at room temperature. The dithiocarbamate, which separated when the mixture was 

18 Atherton, Howard, and Todd, /., 1948, 1106; Baddiley, Clark, Michalski, and Todd, /., 1949, 


815; Clark and Todd, /., 1950, 2023. 
16 Morrison and Atherton, B.P., 675, 779. 
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poured into a large volume of water, was recrystallised from ethyl acetate-light petroleum 
(b. p. 40—60°) and then had m. p. 133—134° (Found: C, 50-0; H, 4:2; P, 9-6. C,,H,,O,;NS,P 
requires C, 49-6; H, 4:2; P, 9-2%). 

(b) Diphenyl phosphorochloridate (13-4 g.) and potassium thiocyanate (5-0 g.) were heated 
in acetonitrile (50 c.c.) for 30 min. After cooling, methanethiol (5 g.) was added and the 
solution was kept for 5 days at room temperature. Isolation as before afforded the product 
(8-5 g.) with identical m. p. 

N-Diphenoxyphosphinyl-N’-phenylthiourea (IV; R = H).—This was prepared as described 
by Leuchenko and Zhmurova,’ and by a method similar to (b) for the dithiocarbamate above. 
Recrystallised from aqueous ethanol it had m. p. 144—145°, whereas Leuchenko and Zhmurova ? 
record m. p. 143—144° (Found: C, 59-5; H, 4:9; N, 7-5; P, 7-9; S, 84. Calc. for 
C,,H,,O,;N,SP: C, 59-4; H, 4-5; N, 7:3; P, 8-1; S, 8-4%). The thiourea (0-2 g.) gradually 
dissolved in refluxing water (10 c.c.) during 8 hr. On cooling, anilinium diphenyl phosphate 
(0-15 g.) separated and had m. p. 165-5—166-5°, undepressed on admixture with synthetic 
material. 

Hydrolysis of N-Phenylthiourea—N-Phenylthiourea (0-152 g.) and diphenyl phosphate 
(0-25 g.) were heated in water (10 c.c.) under reflux for 8 hr. On cooling, anilinium diphenyl 
phosphate (0-08 g.) crystallised, and had m. p. and mixed m. p. 164—165° after recrystallisation 
from water. N-Phenylthiourea (0-045 g.) was recovered from the mother-liquors. 

N-Diphenoxyphosphinyl-N’-p-nitrophenylthiourea (IV; R = NO,).—This compound (2-82 g.) 
was obtained by interaction of diphenyl phosphoroisothiocyanatidate (2-91 g.) and p-nitro- 
aniline (1-38 g.) in benzene (10 c.c.). Recrystallised first from ethyl acetate and then from 
benzene-light petroleum (b. p. 40—60°), it had m. p. 139—140° (Found: C, 53-2; H, 4-0; 
N, 9-7; P, 6-7; S, 7-4. C,gH,,O,N,SP requires C, 53:2; H, 3:8; N, 9-8; P, 7-2; S,7-5%). The 
thiourea (0-25 g.) was heated under reflux in water for 14 hr. The cooled solution deposited 
p-nitroaniline (0-09 g.), which had m. p. 144—145° alone and in admixture with an authentic 
sample after recrystallisation from aqueous ethanol. The hydrolysis mother-liquors were 
strongly acidified and extracted with 4 portions of ethyl acetate. The combined extracts were 
dried (Na,SO,) and evaporated to a gum which was dissolved in benzene. Addition of cyclo- 
hexylamine caused cyclohexylammonium diphenyl phosphate to separate in quantitative yield. 
Recrystallised from ethanol-ether, it had m. p. and mixed m. p. 195-5—196-5°. 

p-(N-Diphenoxyphosphinylthiocarbamoyl)aminobenzoic Acid (IV; R = CO,H).—Diphenyl 
phosphoroisothiocyanatidate (2-91 g.) and p-aminobenzoic acid (1-37 g.) were kept overnight in 
ether (300 c.c.). An insoluble material was removed, and the solution was concentrated under 
reduced pressure to 50 c.c. Addition of light petroleum (b. p. 40—60°) precipitated a gum. 
Further addition of light petroleum (b. p. 40—60°) to the supernatant liquid and storage at 0° 
afforded the thiourea (1-22 g., 1-71 g., and 2-85 g. in successive experiments); it had m. p. 
128—130° and could not be recrystallised owing to its ready decomposition (Found: C, 56-0; 
H, 4-3; N, 6-9; P, 7-1; S, 7-6. C. 9H,,O;N,SP requires C, 56-1; H, 4-0; N, 6-5; P, 7-2; S, 7°5%). 
The thiourea (0-10 g.) was heated in 50% aqueous ethanol (10 c.c.) under reflux for 15 min. 
Solvent was removed and the residue of p-carboxyanilinium diphenyl phosphate was crystallised 
from aqueous ethanol. It had m. p. 188—189°, undepressed by admixture with a sample obtained 
by interaction of p-aminobenzoic acid and diphenyl phosphate in dioxan; the two specimens 
had identical infrared spectra (Found: C, 58-0; H, 4-7; N, 3-6; P, 7-6. C,,H,,O,NP,}H,O 
requires C, 57-6; H, 4-8; N, 3-5; P, 7-8%). 

Ethyl p-(N-Diphenoxyphosphinylthiocarbamoyl)aminobenzoate (IV; R = CO,Et).—Diphenyl 
phosphoroisothiocyanatidate (5-82 g.) and ethyl p-aminobenzoate (3-36 g.) were kept for 6 hr. 
in acetonitrile (25 c.c.). The product (8-36 g.) separated and was recrystallised from ethyl 
acetate-light petroleum (b. p. 40—60°); it then had m. p. 126—127° (Found: C, 57-8; H, 4-9; 
N, 5-6; P, 6-6; S, 7-2. C,,H,,O;N,SP requires C, 57-9; H, 4-6; N, 6-1; P, 6-8; S, 7-0%). 
Heated in boiling water, this compound (1 g.) dissolved within 20 min., and hydrogen sulphide 
was evolved. [A separate experiment carried out in dioxan—water (3: 2) at 100° revealed that 
approximately 90% of the theoretical amount of thiocyanate ion was liberated within 3 min.) 
On cooling, a gum separated and was extracted with two portions of ethyl acetate. The 
combined extracts were dried (Na,SO,), evaporated, and treated with light petroleum (b. p. 
40—60°). The resulting gum (0-80 g.) solidified at 0° and was recrystallised from aqueous 
ethanol. The p-ethoxycarbonylanilinium diphenyl phosphate had m. p. 98—99°, undepressed 
by admixture with a sample prepared from ethyl p-aminobenzoate and diphenyl phosphate in 
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benzene; the two specimens had identical spectra (Found: C, 60-6; H, 5-4; N, 3-7. 
C,,H.,0,NP requires C, 60-7; H, 5-3; N, 3-4%). 

N-Diphenoxyphosphinylthiocarbamoylsarcosine p-Toluidide (II; R= Ph, R’ = Me, R” = 
CH,°CO-NH:-C,H,°Me-p).—Sarcosine p-toluidide (from 2-59 g. of hydrobromide !”) and diphenyl 
phosphoroisothiocyanatidate (2-91 g.) in benzene (20 c.c.) afforded this compound (4-5 g.). 
Recrystallised from ethanol-ethyl acetate and then from ethanol, it had m. p. 141-5—142-0° 
(Found: C, 58-4; H, 5-3; N, 8-6; P, 6-9; S, 7-2. C,,H,,O,N,SP requires C, 58-8; H, 5-2; 
N, 9-0; P, 6-6; S, 6-8%). A solution of this compound in dioxan—water (3 : 2) was heated for 
15 min. and then evaporated under reduced pressure toa gum. This was separated into basic 
and acidic fractions by standard methods, and afforded sarcosine p-toluidide [61%; isolated as 
the hydrobromide,!’ m. p. 258—260° (decomp.)] and diphenyl phosphate (75%; isolated as its 
cyclohexylammonium salt, m. p. and mixed m. p. 195—196°). 

N-Diphenoxyphosphinylthiocarbamoylsarcosine ethyl ester (II; R= Ph, R’ = Me, R” = 
CH,°CO,Et) was prepared in the same manner as the p-toluidide. Recrystallised from benzene— 
light petroleum (b. p. 40—60°), it had m. p. 124-5—125-5° (Found: C, 52-6; H, 5-4; N, 6-6; 
S, 7°5. C,gH,,O;N,SP requires C, 52-9; H, 5-2; N, 6-9; S, 7-9%). 

N-Diphenoxyphosphinylthiocarbamoylglycine Ethyl Ester (II; R= Ph, R’=H, R” = 
CH,°CO,Et).—This ester was prepared in the same manner as the sarcosine derivative. 
Recrystallised from ethyi acetate—light petroleum (b. p. 40—60°), it had m. p. 123—124° (Found: 
C, 51-9; H, 4:9; N, 7-2; P, 8-4; S, 82. (C,,H,,O;N,SP requires C, 51-8; H, 4-9; N, 7:1; 
P, 7-9; S, 8-1%). It was also obtained by keeping a solution of methyl N-diphenoxyphos- 
phinyldithiocarbamate (0-75 g.) and glycine ethyl ester (0-25 g.) in ethanol (5 c.c.) overnight. 
Evaporation of the solvent under reduced pressure gave an oil which crystallised at 0°. 
Recrystallisation from ethyl acetate-light petroleum (b. p. 40—60°) and then from aqueous 
ethanol gave a product (0-5 g.), which had m. p. and mixed m. p. 124—125°. The two specimens 
had identical infrared spectra. This compound (0-3 g.) was heated in 4n-hydrochloric acid 
(15 c.c.) and ethanol (15 c.c.) for 3-5 hr.. After concentration under reduced pressure to 10 c.c. 
the pH was adjusted to 7-5, and the solution was extracted continuously with ether overnight. 
Removal of ether afforded 2-thiohydantoin (15 mg.), which was recrystallised from water. 
It then had m. p. and mixed m. p. 224—226° (decomp.), and was indistinguishable from an 
authentic specimen on a paper chromatogram irrigated with butan-l-ol saturated with water. 

Reaction of diphenyl phosphoroisothiocyanatidate or methyl N-diphenoxyphosphinyl- 
dithiocarbamate and glycylglycine ethyl ester gave intractable gums. Treatment of these with 
90% trifluoroacetic acid or a mixture of water (1 vol.) and acetic acid saturated with hydrogen 
chloride (9 vols.) gave only traces of 2-thiohydantoin detectable by paper chromatography. 

Diethyl Phosphoroisothiocyanatidate (I; R = Et).—This compound was prepared by the 
methods of Kenner e# al.§ (54%) and Michalski and Wieczorkowski*® (74%) and had b. p. 
70—72°/0-6 mm., ”,,° 1-4751 (Found: C, 30-8; H, 5-1; N,7-1; P, 15-1. Calc. for C;H,,O,;NSP: 
C, 30-8; H, 5-2; N, 7-2; P, 15-9%). There was a broad band at 1980—2050 cm. with a 
shoulder at ca. 2070 cm. in the infrared spectrum. 

N-Diethoxyphosphinyl-N’-ethylthiourea (II; R= R’ = Et, R” = H).—Reaction between 
equimolar quantities of diethyl phosphoroisothiocyanatidate and ethylamine in benzene or 
acetonitrile afforded this thiourea (0—31%), which crystallised from benzene-light petroleum 
(b. p. 40—60°). Recrystallised from carbon tetrachloride—light petroleum (b. p. 40—60°), it 
had m. p. 61—62° (Found: C, 34-9; H, 7-1; N, 11-6; P, 13-1; S, 13-7. C,H,,O,N,SP requires 
C, 35-0; H, 7-1; N, 11-7; P, 12-9; S, 13-4%). 

N-Cyclohexyl-N’-diethoxyphosphinylthiourea (II; R= Et, R’ = C,H,,, R” = H).—tThis 
compound (34—61%), prepared in a similar manner, crystallised from benzene-light petroleum 
(b. p. 40—60°). After recrystallisation from light petroleum (b. p. 60—80°), it had m. p. 
91—92° (Found: C, 45-0; H, 7-8; P, 10-7. C,,H,,0,;N,SP requires C, 44-9; H, 7-9; P, 10-5%). 

N-Diethoxyphosphinyl-N’-t-butylthiourea (II; R= Et, R’ = But, R” = H).—Similarly 
prepared to the above compounds, this thiourea (15—24%) crystallised from light petroleum 
(b. p. 90—120°) and had m. p. 108—109° (Found: C, 40-4; H, 7-9; N, 10-4; P, 12-3; S, 12-4. 
C,H,,0,N,SP requires C, 40-3; H, 7-9; N, 10-4; P, 11-6; S, 12-0%). 

Dibenzyl Phosphoroisothiocyanatidate (I; R = Ph°CH,).—A solution of thiocyanogen 
(0-1 mole) in carbon tetrachloride (250 c.c.) was added during 4 hr. to a well-stirred solution of 
dibenzy] phosphite (0-075 mole) in carbon tetrachloride (200 c.c.) at a temperature below — 10°. 

17 Elmore, unpublished work. 
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The mixture was kept at 0° for 48 hr., filtered through Hyflo-Supercel, and aerated with a brisk 
stream of nitrogen for l hr. This solution was used without further purification for the experi- 
ments described below. Use of 0-4 mole of thiocyanogen or increase of the time of reaction to 
96 hr. did not improve yields in the subsequent reactions. 

N-Dibenzyloxyphosphinyl-N’-phenylthiourea (II; R = PhCH,, R’ = Ph, R” = H).— 
Aniline (2-8 g.), added to an aliquot part (90 c.c.) of the solution of dibenzyl phosphoroisothio- 
cyanatidate prepared as described above, caused a yellow oil to separate immediately. After 
3 hr., chloroform (90 c.c.) was added, and the mixture was successively extracted with 2N-hydro- 
chloric acid, saturated sodium hydrogen carbonate and water (twice), and dried (Na,SQ,). 
Concentration under reduced pressure to 25 c.c. and addition of light petroleum (b. p. 40—60°) 
caused the thiourea (1-35 g.) to separate. Recrystallised from ethyl acetate-light petroleum 
(b. p. 40—60°), it had m. p. 107—108° (Found: C, 60-7; H, 5-2; N, 6-9; P, 7-6; S, 81. 
C,,H,,0,N,SP requires C, 61-2; H, 5-1; N, 6-8; P, 7-5; S,7-8%). Twosubsequent experiments 
gave yields of 0-66 g. and 1-90 g. 

O-Benzyl-N-phenylthiocarbamoylphosphoramidic <Acid.—The sodium hydrogen carbonate 
extract obtained in the foregoing experiment was strongly acidified and extracted with 6 
portions of ether. To the combined and dried (Na,SO,) ether extracts was added an excess of 
cyclohexylamine. The resultant cyclohexylammonium O -benzyl-N -phenylthiocarbamoylphos- 
phoramidate (VII; R = C,H,,) (1-2 g.) was recrystallised first from 95% ethanol and then from 
10% ethanol, and had m. p. 151—152° (Found: C, 56-7; H, 6-4; N, 9-8; P, 7-8; S, 8-0. 
Cy9H,,0O,N,SP requires C, 57-0; H, 6-7; N, 10-0; P, 7-4; S, 7-6%). 

Aniline (5-8 g.) was added to an aliquot part (90 c.c.) of the isothiocyanatidate solution 
described above, and the mixture was kept overnight at room temperature. The oil (2-65 
g.), which initially separated, solidified to a gummy solid and was collected and washed with 
chloroform. Dissolution in hot chloroform and addition of light petroleum (b. p. 40—60°) 
afforded anilinium O-benzyl N-phenylthiocarbamoylphosphoramidate (VII; R = Ph) (1:5 g.). 
After recrystallisation first from ethanol-ether-light petroleum (b. p. 40—60°) and then from 
ethanol-cyclohexane, it had m. p. 138—140° (Found: C, 58-1; H, 5-2; N, 9-8; P, 7-8; S, 8-0. 
Cy9H,,0,N,SP requires C, 57-8; H, 5:3; N, 10-1; P, 7-5; S,7-7%). It was found impossible to 
isolate N-dibenzyloxyphosphinyl-N’-phenylthiourea from the carbon tetrachloride mother- 
liquors from this preparation. 


The authors are grateful to Sir Alexander Todd, F.R.S., for permission to complete this work 
in his Department, and to Imperial Chemical Industries Ltd. for financial assistance. 
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453. Conformations of the Cyclohexa-1,4-diene Ring System. 
By F. H. HERBSTEIN,. 


The relative stabilities of various conformations of cyclohexa-1,4-diene, 
9,10-dihydroanthracene, and 9,10-dihydro-1,2:5,6-dibenzanthracene (I) have 
been calculated, account being taken of angle strain and interactions between 
non-bonded hydrogen atoms. In agreement with experiment, calculations 
indicated the dihydroanthracene as folded (dihedral angle * ~150°), and the 
dihydrodibenzanthracene as planar. The calculations for cyclohexa-1,4- 
diene indicate a folded molecule, in approximate agreement with dipole- 
moment measurements but not with deductions from infrared and Raman 
spectroscopy. 


INFORMATION regarding the conformation of the cyclohexa-1,4-diene ring is contradictory. 

Simple considerations } based on minimisation of angle strain within the ring suggest that 
* In this paper “ dihedral angle ” is used to specify the angle between the planes containing carbon 

atoms in positions (a) 6,1,2,3 and (b) 6,5,4,3 of the cyclohexa-1,4-diene ring. 

1 Beckett and Mulley, Chem. and Ind., 1955, 146. 
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the molecule should be folded, with symmetry Cg, and a dihedral angle of about 141°. 
Measurements ® have shown that 1,4-dichlorocyclohexa-1,4-diene has a dipole moment of 
0-3 D, from which it has been concluded that the ring is folded but flatter than expected 
for tetrahedral angles at the methylene groups. On the other hand, Raman and infrared 
spectra of cyclohexa-1,4-diene itself have been interpreted* in terms of a structure 
deviating only slightly from the rigorous D2, (planar) conformation. 

More conclusive evidence should be obtained from crystal-structure analyses, where 
results are available for two molecules containing the cyclohexa-1,4-diene ring. The 
structure of 9,10-dihydroanthracene was determined ‘ from two-dimensional projections 
down [010] and [100]. It was folded about the axis through the methylene-carbon atoms, 
with a dihedral angle of 145°. The measured dipole moment of 0-4 D shows that the 
molecule is also folded in solution.® On the other hand crystallo- 
graphic data ®? show that 9,10-dihydro-1,2: 5,6-dibenzanthracene (I) 
(space group P2,/a; 2 molecules per unit cell) is centrosymmetric, 
which eliminates a folded structure. From a chemical point of view 
the only structure compatible with a molecular centre of symmetry is 
planar or “ essentially planar,” and this has been confirmed by Iball 
and Young’ using projections down the three principal crystallo- 
graphic axes. There is thus a well-established experimen tal difference 
between the conformations of 9,10-dihydroanthracene and 9,10-dihydro-1,2:5,6-dibenz- 
anthracene. 

The present problem is to calculate the conformation of cyclohexa-1,4-diene, and to 
use similar theoretical considerations to explain the difference between the conformations 
of the other two compounds. 





CALCULATION OF MOLECULAR STRAIN ENERGIES 


Fischer—Hirschfelder models show that there are two balancing factors: the cyclohexa-1,4- 
diene ring is strainless only in the folded conformation, and flattening it introduces angle 
strain; however, flattening the ring changes the distances between non-bonded hydrogen 
atoms and in particular increases the short distances between the hydrogen atoms marked * 
in formula (I) and the lin * hydrogen atoms of the methylene groups. Thus there are qualitative 
indications that the stable conformations of the cyclohexadiene and dihydroanthracene will 
be folded, while that of the dihydrodibenzanthracene be approximately planar. Detailed 
calculations substantiate these. 

The interaction energy between non-bonded hydrogen atoms was calculated as follows. 
The distances between non-bonded hydrogen atoms were calculated for dihedral angles of the 
central cyclohexa-1,4-diene ring of 140°, 150°--- 180°, bond lengths being assumed to be 
C-C 1-54, C=C 1-34, C-C (aromatic) 1-40, C-H 1-08 A. All bond angles were assumed to be 
120° in the flat conformation, except that the angles between the hydrogen atoms of the 
methylene groups were taken as 109° 28’. Symmetrical folding of the molecules about the 
axis through the methylene groups changed only the C-C-C angles at these groups. The 
approximation of maintaining the HCH angle constant for C-C-C angles varying between 
109° 28’ and 120° is justified by quantum-mechanical calculations.* In the present work only 
those distances that changed with dihedral angle were calculated, as only energy differences 
between conformations were required; also only nearest neighbours were considered. 

Three alternative functions have been suggested for interaction between non-bonded hydrogen 
atoms. The first is the function, labelled ve>) in Fig. 1, which was calculated by Hirschfelder 


* Nomenclature of ref. 1. 


Miyagawa, Morino, and Riemschneider, Bull. Chem. Soc. Japan, 1954, 27, 177. 
Gerding and Haak, Rec. Trav. chim., 1949, 68, 293. 

Ferrier and Iball, Chem. and Ind., 1954, 1296. 

Campbell, Le Févre, Le Févre, and Turner, J., 1938, 404. 

Iball, J., 1938, 1074. 

Iball and Young, Acta Cryst., 1958, 11, 476. 

Coulson and Moffitt, Phil. Mag., 1949, 40, 1. 
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and Linnett * for interaction between two hydrogen atoms in the triplet state (i.e., with parallel 
electron spins); its use has been advocated by Howlett.’° An alternative function, labelled 
Ey.n in Fig. 1, is based on the approximation of perfect pairing and the assumption that the 
electron spins in the approaching hydrogen atoms have a random relative orientation; this 
function was first proposed by Eyring ™ (for a simplified discussion see Coulson ?*) and has 
been used recently by Adrian."* A third alternative which is rather similar to Ey q has been 
used by Pritchard and Sumner,™ namely, nV(° The present calculations 


>) where » = 0-5. 
are by the first two functions. Although the absolute magnitudes of the strain energies obtained 


differ considerably for the two [they are always larger for ved). the energy differences between 
the various conformations are similar. As a random relative orientation of electron spins 
appears more probable than a parallel orientation, the Eg , function appears the more suited 
to the present calculations. 

The calculation of steric interaction energies is further complicated by the allowance for the 
variation of the van der Waals function with angle between the covalent-bond vector and the 


Fic. 1. Interaction energies between non-bonded hydrogen 
atoms. V(*S) is from the quantum-mechanical calcul- 
ations * of the interaction between two hydrogen atoms in 


Fic. 2. Curves of relative strain energy in 
the triplet state. Ey. is from Eyring’s formula." 


cyclohexa-1,4-diene as a function of dihedral 
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vector between the centres of the non-bonded atoms. [or this Howlett’s method was used.!° 
These calculations have been carried out only for cyclohexa-1,4-diene, as the effects expected 
for the other two compounds are very small. Even for cyclohexa-1,4-diene the angular factor 
has little influence on the interaction energies (see Fig. 2). 

Angle strain is absent from the ring only when the angles at the methylene-carbon atoms 
are 109° 28’; this occurs for a dihedral angle of about 141°. For other values of the dihedral 
angle, the strain in the ring will be least when the angle distortions are shared over the whole 
ring rather than concentrated at the methylene groups. On the simplifying assumption that 
the bending force constant is the same for all the angles of the ring, the angle-strain energy will 
be least when all the angle distortions are equal. In these circumstances the angle-strain 
energy will be close to one-third of what it would be had the angle strains been concentrated 
at the methylene groups. Sharing of the angle strain over the ring has been found experi- 
mentally in the dihydrodibenzanthracene, where the planar central ring has angles of 123° 24’, 
115° 40’ (at the methylene group), and 122° 28’. With these assumptions and when the bending 
force constant for tetrahedral C-C-C bond angles is taken as the average value (ks = 0-8 x 107 
* Hirschfelder and Linnett, J. Chem. Phys., 1950, 18, 130. 
1® Howlett, J., 1958, 4353. 

11 Eyring, J. Amer. Chem. Soc., 1932, 54, 3191. 
12 Coulson, “ Valence,”” Oxford Univ. Press, 1952, p. 166. 


18 Adrian, J]. Chem. Phys., 1958, 28, 608. 
* Pritchard and Sumner, /., 1955, 1041. 
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erg/radian *), the angle-strain energy is given 1° by E(A6) = 6 x 17-5(A6)? cal./mole, where AO 
is the change in degrees from the nominal value of the angle (120° or 109° 28’). The changes 
in the bond angles produce small changes in the interatomic distances and hence in the steric- 
interaction energies, but no correction has been made for this. 
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dihedre! engle Dihedral angle 

The total strain energy is given by the algebraic sum of steric-interaction energy and angle- 
strain energy, and the potential barrier between two conformations is obtained by taking the 
minimum value of the strain energy as zero. The results of the calculations are summarised 
in Figs. 2, 3, and 4, where the potential barriers are plotted as a function of dihedral angle for 
our three substances. . 


DISCUSSION 


The results for cyclohexa-1,4-diene show that the stable conformation has a dihedral 
angle of about 140°. The potential barrier to transformation from the “ folded ”’ to the 
“reverse folded”’ conformation is about 1-5 kcal./mole. The differences among the 
energy curves calculated for the various interaction functions considered are not large. 

For 9,10-dihydroanthracene use of the Ey,_ function indicates a dihedral angle of 
about 150°, with a potential barrier of about 0-8 kcal./mole between the “ folded” and 
the “‘ reverse folded” conformations. The results for the *> interaction function are not 
as satisfactory; although there is a minimum at about 162°, it is very shallow, while the 
experimental dihedral angle of 145° gives a positive strain energy of 0-9 kcal./mole. 

Both strain-energy curves obtained for the dihydrodibenzanthracene (I) indicate the 
planar conformation as the more stable; however, for this molecule the differences between 
the two curves are rather marked. 

The stable conformations predicted by the calculations are in good agreement with 
experiment for 9,10-dihydroanthracene and 9,10-dihydro-1,2:5,6-dibenzanthracene, 
while that calculated for cyclohexa-1,4-diene favours the folded conformation. However, 
the calculated dihedral angle (about 140°) is not in very good agreement with that deduced 
from the dipole-moment measurements (about 160°). 

For the two simpler molecules the potential barrier between the two stable conform- 
ations is small and thus there is no possibility of isolating a particular conformation of 
substituted derivatives. If anything, the heights of the potential barriers have been 
somewhat over-estimated by the present calculations, for the possibility of outward 
bending of C-H bonds has been neglected. 

The method used in these calculations has two major defects. First, the molecules 
have been taken as rigid, whereas some relief of repulsion between non-bonded atoms will 


18 Westheimer in ‘“‘ Steric Effects in Organic Chemistry,” ed. Newman, John Wiley and Sons, New 
York, 1956, p. 533. 
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be obtained by bending of C-C-H bond angles. Secondly, it has been assumed that the 
molecular vibrations will not change with conformation. Although both these simplific- 
ations will affect the heights and detailed shapes of the potential barriers, their effects 


do not appear to be large enough to alter the qualitative conclusions drawn from the 
calculations. 


This paper is published with the permission of the South African Council for Scientific and 
Industrial Research. 


NATIONAL PuHysIcaL RESEARCH LABORATORY, C.S.I.R., 
PRETORIA, S. AFRICA. (Received, December 18th, 1958.] 





454. Some Potential Chelating Agents derived from 
Benziminazole. 


By H. Irvine and O. WEBER. 


2-Methylamino(and dimethylamino)methylbenziminazole, 1 - methyl -2- 
methylamino(and dimethylamino)methylbenziminazole, 1-benziminazolyl- 
acetic acid, (2-benziminazolylmethyl)amine-N N-diacetic acid, (l1-methyl-2- 
benziminazolylmethy]l)amine-N N-diacetic acid, and 2-2’-pyridyl-1-benzimin- 
azolylacetic acid have been prepared as potential chelating agents. 
SINCE 2-aminomethylbenziminazole (I; R = R’ = R” = H) forms a series of stable 
metal complexes,! several new derivatives of benziminazole, some of which contain the 
grouping ‘N-CH,°CH,*NH¢.,(CH,°CO,H), (m= 1 or 2) characteristic of ‘“‘ complexones,”’ 
have been prepared for examination as complexing agents. 


. CH,-CO,H ron 
{ 


N N N 
¢ XY 
NC-CHy NR’R” ‘cH ‘c &. 
4 4 4 N 
N N N 


(I) (II) (111) 


2-Aminomethyl-l-methylbenziminazole (I; R= Me, R’ = R” =H) was prepared 
from N-methyl-o-phenylenediamine (modified preparation) and ethyl aminoacetate hydro- 
chloride following Lane’s method for the preparation of 2-aminomethylbenziminazole 
itself.? 

2-Dimethylaminomethylbenziminazole (I; R = H, R’ = R” = Me) was best prepared 
from 2-chloromethylbenziminazole * and dimethylamine. 1-Methyl-2-methylaminometh- 
ylbenziminazole (I; R= R’= Me, R” =H) and 2-dimethylaminomethyl-1-methyl- 
benziminazole (I; R = R’ = R” = Me) were similarly prepared from 2-chloromethyl-1- 
methylbenziminazole and methylamine or dimethylamine, respectively. 

1-Benziminazolylacetic acid (II) was readily obtained from benziminazole and chloro- 
acetic acid under alkaline conditions, but attempts to extend this reaction to the prepar- 
ation of 2-2’-pyridyl-l-benziminazolylacetic acid (III) were unsuccessful. However, this 
compound was prepared by hydrolysing the ester obtained by condensing 2-2’-pyridyl- 
benziminazole* with methyl bromoacetate in the presence of anhydrous potassium 
carbonate. 

(2-Benziminazolylmethyl)amine-N N-diacetic acid (I; R = H, R’ = R” = CH,°CO,H) 
was obtained by the hydrolysis of its dimethyl ester which resulted from the condensation 
Irving and Weber, J., 1958, in the press. 

Lane, J., 1957, 3313. 


1 

2 

* Bloom and Day, J. Org. Chem., 1939, 4, 14. 

* Leko and Vlajinac, Bull. Soc. Chim. roy. Yougoslavie, 1930, 1, 3. 
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of 2-chloromethylbenziminazole* with dimethyliminodiacetate. The 1-methyl-derivative 
and its dimethyl ester were prepared similarly. (1-Methyl-2-benziminazolylmethyl)amine- 
NN-diacetic acid was also obtainable directly from 2-aminomethylbenziminazole and 
chloroacetic acid, but it has not proved possible to introduce a third CH,°CO,H group in 
position 1 of the heterocyclic ring. 


EXPERIMENTAL 


N-Methyl-o-phenylenediamine.—The following procedure is based upon kinetic studies of the 
interaction of methyl iodide and o-phenylenediamine reported by Brown and Le Roi Nelson.® 
o-Phenylenediamine (35 g., 0-32 mole), methyl iodide (10-6 g., 0-16 mole), and methanol (400 ml.) 
were heated under reflux for 2 hr., then allowed to cool; more methyl iodide (10-6 ml., 0-16 mole) 
was added, and heating under reflux continued for a further 12 hr. Most of the methanol was 
distilled off, and the residue poured on crushed ice (1000 g.), basified with potassium hydroxide, 
and extracted with ether. The extracts were dried (K,CO,), the solvent removed under reduced 
pressure, and the residue fractionated in a vacuum. N-Methyl-o-phenylenediamine was 
obtained as a pale lemon-coloured oil, b. p. 116—120°/8 mm. (32 g., 82%), which, soon darkened. 

2-Aminomethyl-1-methylbenziminazole (I; R = Me, R’ = R” = H).—A mixture of finely 
ground ethyl aminoacetate hydrochloride (38-4 g., 0-25 mole) and freshly distilled N-methyl-o- 
phenylenediamine (32 g., 0-25 mole) was heated in a stream of nitrogen at 180—200° (oil-bath) 
for 3hr. After being cooled, the residue was taken up in dilute hydrochloric acid, boiled with 
metal-free sugar-charcoal, and filtered. The filtrate was taken almost to dryness, and the 
residue triturated with ethanol, pale blue crystals separating. After repeated recrystallisation 
from hot ethanol 2-aminomethyl-1-methylbenziminazole dihydrochloride was obtained as colour- 
less crystals, m. p. 257—259° (31 g., 50%) (Found: C, 46-4; H, 5-8; N, 17-9; Cl, 30-3. 
C,H,,N;,2HCl requires C, 46-2; H, 56; N, 17-95; Cl, 30-3%). 

1-Methyl-2-methylaminomethylbenziminazole (I; R = R’ = Me, R” = H).—2-Chlorometh- 
yl-1-methylbenziminazole (7-5 g., 0-045 mole) * was added in small quantities to a solution of 
9-8 ml. of 33% methylamine (2-8 g., 0-09 mole) in ether (50 ml.), the temperature being kept 
below 15°. After the initial reaction had subsided the mixture was kept at 35° for 3 hr. and 
then stored overnight at room temperature. Ether (150 ml.) was then added, the mixture 
cooled below 0°, and the precipitated methylamine hydrochloride collected. The filtrate was 
then saturated with dry hydrogen chloride. 1-Methyl-2-methylaminomethylbenziminazole 
dihydrochloride was collected, washed with ether, and recrystallised from ethanol, from which 
it separated as colourless needles, m. p. 186—187° (3-2 g., 29%) (Found: C, 48-4; H, 6-0; N, 
17-1; Cl, 28-6. C, 9H,,N;,2HCl requires C, 48-4; H, 6-1; N, 16-9; Cl, 28-6%). 

2-Dimethylaminomethyl-1-methylbenziminazole (I; R = R’ = R” = Me).—This was prepared 
similarly. The dihydrochloride crystallised from ethanol as long white needles, m. p. 244° 
(3-5 g., 32%) (Found: C, 50-1; H, 6-6; N, 15-8; Cl, 27-1. C,,H,;N;,2HCI requires C, 50-4; H, 
6-5; N, 16-0; Cl, 27-05%). 

1-Benziminazolylacetic Acid (I1).—Chloroacetic acid (13-5 g., 0-125 mole) was dissolved in 
water (25 ml.) and neutralised with sodium hydroxide (5 g., 0-125 mole) in water (80 ml.). 
Benziminazole (9 g., 0-075 mole) was added, and the stirred solution heated to 80—90°. An 
almost saturated solution of sodium hydroxide (5 g., 0-125 mole) was added dropwise at such a 
rate that the pH of the solution was maintained for as long as possible between the change 
points of phenolphthalein and thymolphthalein. Towards the end of the reaction the mixture 
was allowed to become more alkaline, and when all the sodium hydroxide had been added 
heating was continued for 0-5 hr. at 80—90°. After being cooled, the solution was acidified with 
concentrated hydrochloric acid to pH 2—3, and the solid which separated was collected, washed 
with water and recrystallised thrice from boiling water. 1-Benziminazolylacetic acid formed 
crystals, m. p. 285—290° (7-5 g., 57%) (Found: C, 61-6; H, 4:6; N, 16-0. C,H,O,N, requires 
C, 61-4; H, 4-6; N, 15-9%). 

2-2’-Pyridyl-1-benziminazolylacetic Acid (II11).—A finely ground mixture of 2-2’-pyridyl- 
benziminazole (9-7 g., 0-05 mole) 4 and anhydrous potassium carbonate (13-8 g., 0-1 mole) was 
heated with methyl bromoacetate (15-3 g., 0-1 mole) under reflux for 8 hr. and then at a higher 


* Brown and Nelson, ]. Amer. Chem. Soc., 1953, 73, 24. 
®* Hughes and Lions, Proc. Roy. Soc. N.S. Wales, 1938, 71, 209. 
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temperature until reaction, as indicated by the evolution of carbon dioxide, had ceased (4 hr.). 
The brown resin was taken up in methanol (5 x 50 ml.) and separated from inorganic salts. 
The solvent was removed on the water-bath, and the residue fractionated im vacuo. Methyl 
2-2’-pyridyl-l-benziminazolylacetate (7-5 g.), which distilled as a pale yellow oil at 80— 
100°/1 mm., was hydrolysed by hot aqueous 0-3N-barium hydroxide (150 ml.) for 1 hr. on the 
water-bath. The exactly equivalent amount of 2N-sulphuric acid was then added, and barium 
sulphate removed by centrifugation of the hot mixture. The centrifugate was evaporated to 
dryness, and the residue taken up in aqueous ethanol. 2-2’-Pyridyl-1-benziminazolylacetic acid 
recrystallised from aqueous ethanol as white needles, m. p. 240° (subl.) (1 g., 8%) (Found: C, 
66-1; H, 4-5; N, 16-7. C,,H,,O,N, requires C, 66-4; H, 4-4; N, 16-6%). 

(2-Benziminazolylmethyl)amine-NN-diacetic Acid (I; R=H, R’ = R” = CH,°CO,H).— 
(a) From 2-aminomethylbenziminazole and chloroacetic acid. 2-Aminomethylbenziminazole di- 
hydrochloride (7-1 g., 0-03 mole) * in water (30 ml.) was neutralised with potassium hydroxide 
(3-37 g., 0-06 mole) in water (30 ml.). A solution of chloroacetic acid (9-9 g., 0-105 mole) in 
water (100 ml.), neutralised with potassium hydroxide (5-9 g., 0-105 mole), was added, and the 
mixture heated at 80—90° and shaken continuously while an almost saturated solution of 
potassium hydroxide (5-9 g., 0-105 mole) was added dropwise under the same conditions as in 
the preparation of (II), and the mixture was finally heated to boiling for 1-5 hr. After being 
cooled the solution was acidified to pH 3 with concentrated hydrochloric acid. The diacetic 
acid which separated was collected, well washed with water, and recrystallised thrice from boil- 
ing water, from which it separated as colourless crystals (4-5 g., 55%), m. p. 212° [Found: C, 
55-0; H, 5-1; N, 160%; M (by titration), 261-7. C,.H,,0,N; requires C, 54-8; H, 5-0; N, 
16-0%; M, 263-2. Calc. for C,,H,,O,N, (2-benziminazolylmethylamine-1 : N : N-triacetic acid): 
C, 52:3; H, 4:7; N, 13:1%; M, 321-3]. 

(b) From 2-chloromethylbenziminazole and iminodiacetic ester. An immediate reaction took 
place when the benziminazole (2-5 g., 0-015 mole) * was added to a solution of the ester (5 g., 
0-03 mole) ? in ethanol (10 m!.), accompanied by the separation of the hydrochloride of iminodi- 
acetic ester. After being kept at room temperature for 0-5 hr. the mixture was heated on a 
water-bath (2 hr.) to complete the reaction, then filtered; dimethyl iminodiacetate hydro- 
chloride remaining in the filtrate was removed by adding ether, cooling to below 0°, and filtr- 
ation. The solvent was then evaporated, and the residue fractionally distilled in vacuo. Di- 
methyl (2-benziminazolylmethyl)amine-NN-diacetate (b. p. 110—120°/ca. 1 mm.) was 
hydrolysed as described above and gave the free acid (2 g., 45%), m. p. 212—214° after 
recrystallisation from hot water, identical with the previous specimen [Found: N, 15:9%; M 
(by titration), 262-5]. 

(1 - Methyl -2-benziminazolylmethyl)amine-NN-diacetic Acid (I; R=Me, R’=R”= 
CH,°CO,H).—2-Chloromethyl-1-methylbenziminazole (3-25 g., 0-018 mole) ® was treated with a 
solution of dimethyl iminodiacetate (5-8 g., 0-036 mole) ? in ethanol (10 ml.), and the product 
worked up as described in the previous preparation. (1-Methyl-2-benziminazolylmethyl)amine- 
NN-diacetic acid formed very pale yellow crystals, m. p. 186—188°, from hot water (2-2 g., 
55%) (Found: C, 56-3; H, 5-6; N, 15-0. C,,;H,,O,N, requires C, 56-3; H, 5-45; N, 15-15%). 


The authors are indebted to the Medical Research Council for generous financial assistance 
to one of them (O. W.). 


INORGANIC CHEMISTRY LABORATORY, OXFORD. [Received, December 19th, 1958.} 


7 Dubsky, Ber., 1917, 50, 1694. 
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455. Aromatic Reactivity. Part III.* Cleavage of Substituted 
Phenyltrimethylsilanes by Sulphuric Acid in Acetic Acid—Water. 


By F. B. Deans and C. EaBorn.~  ~ 


Use of a sulphuric acid-acetic acid-water medium for rate studies on 
the cleavage of phenyltrimethylsilanes has permitted measurement of the 
effects of strongly deactivating substituents. The results provide a detailed 
picture of the effects of a wide range of substituents on this electrophilic 
aromatic substitution. 


THE effects of some nuclear substituents, X, on the cleavage of a series of aryltrimethyl- 
silanes, X-C,H,’SiMe,, have been studied in aqueous-methanolic perchloric acid.1_ Use of 
sulphuric acid in acetic acid—water, in which greater variation in acidity is possible, 
permits a wider range of substituents to be studied, and, in particular, allows the effects 
of strongly electron-withdrawing groups to be measured. The medium consisted of a 
mixture of four volumes of acetic acid containing 0-73 wt.-°, of water with three volumes 
of aqueous sulphuric acid; reference to a medium involving, say, 10-1M-sulphuric acid 
implies that the aqueous sulphuric acid taken was of this normality, not the final mixture. 


TABLE 1. Cleavage of X*CsH,SiMe, in H,SO,-CH,*CO,H-H,O at 50-18°. 


[H,SO,] * 107k, [H,SO,} 107k, 
(M) X (min.~1) Rret. (M) xX (min.~) ret. 
18-4 p-NO, 1-56 1-22 x 10-* 10-1 p-F 15-6 0-95 
18-4 p-NMe,* 4-92 3-84 x 10-4 10-1 H 16-3 1-00 
18-4 p-CO,H 18-9 — 10:1 p-Ph 46-1° 2-83 
16-4 p-CO,H 4-72 1-48 X 10°3 8-75 p-Ph 14-1 — 
16-4 m-Cl 38-3 -— 8-75 o-Ph 29-1 5°85 
12-7 m-Cl 1-74 1-20 x 10°? 6-41 p-Ph 1-82 -— 
12-7 p-Br 15-1 —- 6-41 p-Me 11-6 18-0 
10-1 p-Br 1-70 1-04 x 107 5-65 p-Me 6-56 — 
10-1 p-I 1-65 1-01 x 10° 5-65 (3-C,H,S) ° 41-9 115 
10-1 p-Cl 3:09 1:90 x 10° 1-15 (3-C,H,S) ° 7-86 — 
10-1 m-Ph 5-56 33 x 107 1-15 p-Me,Si-CH, 1-38 202 
10-1 m-MeO 6-39 38 x 10° 1-15 p-MeO 6-93 1010 


* See text and Experimental section. ° Calc. from Aye, of 2-83 observed at 40-06°. *° 3-Thienyl- 
trimethylsilane; these figures are introduced for purposes of overlap and will be discussed later. 


The reactions were followed spectrophotometrically. Table 1 lists the first-order rate 
constants, k,, observed at 50-18°, and the rate, k,.., of cleavage of each compound relative 
to that of the unsubstituted compound, C,H;*SiMe;. These relative rates are obtained 
by stepwise change in the acidity, some compounds being examined in more than one 
medium to provide overlap. This procedure largely compensates for the change in the 
nature of the solvent, but the derived values of k,., are not necessarily exactly those which 
would be obtained if all the compounds could be compared directly at one acid 
concentration. 

Effects of some of the substituents in Table 1 have already been discussed;! the 
following are additional: o-Ph, m-Ph, m-MeO, p-I, m-Cl, p-CO,H, p-NMe,*, and p-NOQ,. 
The outstanding feature is the large deactivation brought about by the -NO, group, 
which is a strong —J, —T substituent.2 The #-NMe,* group, in spite of its positive 
charge which might be expected to repel very strongly the positively-charged attacking 
species, does not deactivate as strongly as the f-NO, group. The para-halogens deactivate 
in the order p-I = p-Br > p-Cl > -F, the resultant influence of the #-F substituent being 
very small because its +7 effect almost balances out its —I effect. The +T effects of 


* Part II, J., 1957, 4449. 

1 Eaborn, J., 1956, 4858. 

2 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” G. Bell and Sons, Ltd., London, 1953, 
Chap. VI. 
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the halogens cannot operate directly to the meta-position, and the m-Cl compound is about 
16 times less reactive than the -Cl compound. For similar reasons the MeO group, which 
activates strongly from ortho- and para-positions, deactivates some 2-6 times from the 
meta-position. The effects of phenyl substituents will be discussed in a later paper. 
Over the range of substituents common to both studies, the spread of rates is rather 
smaller in sulphuric acid-acetic acid-water than in aqueous-methanolic perchloric acid; 
for example, the -MeO group activates 1010 times in the former medium and 1510 times 
in the latter. However, a plot of values of log ,., for the former medium ! against those 
of log ’’,«, for the latter is a good straight line (log ,.), = 0-96 log k’,..), and the existence 
of this linear free-energy relation permits conversion of substituent effects observed in 
aqueous methanolic perchloric acid into those which would be expected in sulphuric acid- 
acetic acid-water. Thus the ~-NMe, group would activate roughly 10’ times in the 
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latter medium and the ~-OH substituent some 6000 times. The activating influence of 
the p-NMe, group, whose +E effect may respond to the electron demand during the 
reaction, is thus much greater than the deactivating influence of the ~-NO, group, whose 
—E effect cannot come into play.” 

In the Figure is a plot of the values of log &,., against the substituent constants, s'‘, 
recently proposed for electrophilic aromatic substitutions or electrophilic side-chain 
reactions and derived from the rates of solvolysis of «a-dimethylbenzyl chlorides in 90°, 
aqueous acetone.* With the exception of that for the p-CO,H substituent, the points lie 
satisfactorily about a straight line, and the success of this use of the o*-constants is 
impressive in view of the range of substituents covered.* It is noteworthy that if the 
s*-constant for the -CO,Me group (0-49) is used for the -CO,H group in the Figure in place 
of the listed value (0-42), a point satisfactorily near the line is obtained§ which suggests 
the possibility that, in spite of some contrary evidence,‘ slight ionization of the compound 

* However, in future Parts attention will be drawn to some defects of the treatment. 


* Brown and Okamoto, /. Amer. Chem. Soc., 1958, 80, 4979. 
* Okamoto, Inukai, and Brown, tbid., p. 4969. 
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p-HO,C’C,H,°CMe,Cl occurs in the aqueous acetone used for measuring o*-constants. 
An alternative explanation, that the compound #-Me,Si°C,H,°CO,H is considerably 
protonated in the cleavage medium, is less likely at the concentration of acid involved. 

Activation Energies and Entropies.—In Table 2 are shown the apparent activation 
energies, E,, and log A factors for the compounds studied. {log A = log hf, 
+ (E,/2-303R7), with time in minutes.] Reactions were carried out at two temperatures 
only (50-18° and 40-06°), and the activation energies are probably not accurate in absolute 
terms to much better than +1 kcal./mole. Within these limits there is no significant 
variation in E,, whereas the effects of the substituents should reveal themselves in the 
activation-energy term. The reason for this apparent anomaly lies in the considerable 
change in medium necessary to give convenient rates with all the compounds. For 
example, the value of E, for the £-Br compound in a medium involving 12-7M-sulphuric 
acid is 1-6 kcal./mole lower than that in a medium involving 10-1M-acid, and the difference 
is probably real, since relative activation energies determined on the same compound in 
two media are believed to be considerably more accurate than the relative activation 
energies determined for two compounds in the same medium. If the change from 10-1m- 
to 12-7m-acid causes the same lowering of the activation energy for all the compounds, 
then the activation energy for, say, the m-Cl compound in the former medium would be 
(22 + 1-6), 2.e., 23-6 kcal./mole. By this type of procedure it is possible to convert all the 
E, values into approximate values of E, (corr.), the activation energies which would be 
observed with 10-Im-acid. The rough values of EF, (corr.) show clearly a general fall from 
the unreactive ~-NO, compound to the reactive p-MeO compound, as expected. 


TABLE 2. Activation energies and \og,, A factors for cleavage of X°C,H,’SiMe, in 
H,SO,-CH,°CO,H-H,0. 


E, E, (corr.) E, E, (corr.) 
[H,SO,) (kcal./ (kcal./ [H,SO,) (kcal./ (kcal./ 
(mM) X mole) logy, 4 mole) (m) xX mole) logy, A mole) 
18-4 p-NO, 20-9 12-30 24-8 10-1 p-F 20-8 13-34 20-8 
18-4 p-NMe, 19-3 11-77 23-2 10-1 H 20-7 13-22 20-7 
184 p-COH 2-5 13-15 —_ 10-1 p-Ph 20-0 13-06 20-0 
16-4 p-CO,H 20-8 12-72 24-4 8-75 p-Ph 21-2 13-50 —_ 
16-4 m-Cl 20-0 13-11 — 8-75 o-Ph 20-5 13-30 19-3 
12-7 m-Cl 22-0 13-10 23-6 6-41 o-Ph 21-8 13-37 — 
12-7 p-I 19-3 12-22 20-9 6-41 p-Me 20-8 13-13 18-3 
12-7 p-Br 195 12-32 an 5-65 p-Me 21-4 13-31 om 
10-1 p-Br 21-1 12-49 21-1 5-65 (3-C,H,S) * 19-0 12-48 — 
10-1 p-Cl 21-1 12-76 21-1 1:15 (3-C,H,S) ¢ 22-2 12-91 — 
10-1 m-Ph 21-8 = 13-45 21-8 1:15 p-Me,Si-CH, 21-6 12-74 15-3 
10-1 m-MeO 22-2 13-82 22-2 1:15 p-MeO 20-7 12-50 14-4 


* See Table 1, footnote ¢. 


In principle similar corrections could be applied to log A, but Table 2 shows that there 
is no significant difference between the values determined for any compound in two 
different media, no doubt because of a fortuitous cancellation of influences. Except for 
the rather low value for the #-NMe,* compound, log A is thus independent of the sub- 
stituent present, at least within experimental error.* If it is assumed that a log A factor 
of 13-0 applies to all the compounds (except the p-NMe,* derivative) in 10-1m-acid, then 
the values of k,.. in Table 1 would be accounted for by a fall in the activation energy from 
27 for the -NO, compound to 16-0 kcal./mole for the /-MeO compound. 

The above discussion can profitably be brought to bear on a recent surprising conclusion 
that in de-deuteration of alkylbenzenes by trifluoroacetic acid-sulphuric acid the effects 

* A low value of log 4 would be expected for the p-NMe,* compound in reaction with a positively- 


charged species.* One can predict that the deactivating influence of the p-NMe,* group relative to that 
of the p-NO, group would be markedly smaller in a reaction involving a neutral electrophil. 


5 Frost and Pearson, “ Kinetics and Mechanism,” John Wiley and Sons Inc., New York, 1953, 
p. 133. 
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of the alkyl substituents act solely through the entropy term, and not through the 
activation energy. This conclusion was unjustified, and we believe it to be incorrect. 
It was reached because absence of effects due to the medium was inferred from the fact 
that the activation energies found for reaction of (#H,]-f-xylene in trifluoroacetic acid 
containing 0-1m- and 0-015M-sulphuric acid, respectively, differed by only 1 kcal./mole, 
i.e., by little more than the estimated standard deviation of +0-6 kcal./mole. It is more 
likely that this difference was real, and that considerable effects by the medium on the 
activation energy were involved over the range of sulphuric acid concentrations (0-015—2m). 
We suggest that such influences of the medium cancel out the effects of substituents, as 
in the reaction we have studied. 


EXPERIMENTAL 


Materials.—Acetic acid, purified by boiling it with chromium trioxide and subsequent 
fractionation, had m. p. 15-4° (corresponding with a water content of 0-73 wt.-%). 

Diphenylyltrimethylsilanes were prepared from the appropriate chlorodiphenyls and 
trimethylchlorosilane by Wurtz-Fittig condensation in toluene, and had the following properties : 
4-isomer, m. p. 55°; 3-isomer, b. p. 158°/10 mm., n,*° 1-5686; 2-isomer, m. p. 38-5—39-0° 
(from EtOH) (Found: C, 79-6; H, 8-0%. Calc. for C,;H,,Si: C, 79-6; H, 8-0%). Them. p. 
of the 2-isomer was previously ? given as 21-7°. 

The methiodide of -N N-dimethylaminophenyltrimethylsilane was prepared from the base 

and methyl iodide in methanol, the mixture being kept at 30° for 50 hr. The salt which 
separated on cooling was recrystallised to constant m. p. (200°, decomp.) from methanol. It 
was converted into the hydroxide by boiling its aqueous solution with silver oxide, filtering, 
and drying in a desiccator. The semi-crystalline mass was taken up in methanol, and the 
solution was filtered through a fine paper to remove particles of silver and silver salts. The 
methanol was evaporated off, and the residue was dried in a vacuum desiccator (P,O;), 
recrystallized from anhydrous ethanol by addition of dry ether, and stored over phosphoric 
oxide. 
Other X-C,H,’SiMe, compounds used had the following properties: (X =—)p-NO,, m. p. 
; p-CO,H, m. p. 143°; m-Cl, b. p. 206—208°, n,*° 15103; p-F, b. p. 173°, mp*® 1-4742; 
H, b. p. 171-6°, n,*° 14904; m-MeO, b. p. 213°, n,,*° 1-5025; p-Me, b. p. 191-5°, n,* 1-4930; 
p-Cl, b. p. 211-5°, 2, 1-5098; -Br, b. p. 229-5°, 2, 1-5279. The last-named compound 
probably contained a little of the compounds p-Br-C,H, Br and p-Me,Si-C,H,°SiMe,, neither 
of which interferes seriously with the rate studies.* 

Rate Studies.—The general method is described in ref. 1. To 10 ml. of an acetic acid solution 
of the aryltrimethylsilane (of concn. shown in Table 3) were added 7-5 ml. of sulphuric acid, 
ice-cooling being used with 16mM- and 18m-acid. Both volumes were delivered from fast- 
running burettes, the same burettes being used throughout. The mixture was shaken well 
and a sample was transferred to a 1 cm. stoppered cell in an Adkins’s thermostatted cell holder 
(+0-03°) in a Unicam S.P. 500 spectrophotometer. Readings of the optical density, relative 
to a water blank at the wavelengths, 4, shown in Table 3, were begun after 8—10 min. and 


37° 


TABLE 3. 
X Concn. (mm) A (my) X Concn. (mM) A (my) 

PENA. danebasedvanaes s 360 | 7 290 
EET” eeesencinces 7 269 Oe 8 272 
EE us tite cincnndeie 0-5 295, 293 Be Itt? ebiteddbledds 10 269 
eae 8 279 Se eee 3 294, 296 

Nil cuuseoannisedenveess 7 288, 289 on SE ee 7 290, 291 
EN asdavistewsewaiene 8 274 ES Sadi datiieddeiavens 1-2 271 
| guerre 8 274 p-Me,Si-CH, ...... 1 278, 279 
UR iin ces 4 290, 290-5 ST ticistdnsnrasnne 1-2 282 


continued for at least 80% of reaction. Faster reactions were completed in the cell, but for 
slower runs “ infinity ’’ values of the optical density were obtained from samples of the reaction 
mixture kept in sealed tubes in a thermostat bath. Good first-order kinetics were observed; 
all rates were reproducible to +1-5%, and usually to +0-5%. 

* Mackor, Smit, and van der Waals, Trans. Faraday Soc., 1957, 58, 1309. 
? Clark, Gordon, Young, and Hunter, J. Amer. Chem. Soc., 1951, 78, 3798. 
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The possibility of interference by sulphonation or sulphondesilylation (i.e., the reaction 
X°C,H,’SiMe, + H,SO, —» X-C,H,’SO,H + HO-SiMe,) was ruled out as follows: (i) The 
spectrum of a solution of benzene in the medium used for cleaving phenyltrimethylsilane 
(involving 10-1m-sulphuric acid) did not change during 5 hr. at 50°. A slight change occurred 
with 18-1m-acid, but so slowly as to make it clear that no significant sulphonation would occur 
in the case of strongly deactivated rings (i.e., with p-CO,H, p-NMe,* and p-NO, substituents). 
The spectrum of naphthalene (which is readily sulphonated) did not change in the medium 
involving 6-4lm-acid. (ii) The spectra of the solutions obtained by cleaving the ~-CO,H and 
p-Ph compounds in media involving 18-4 and 8-75M-sulphuric acid, respectively, were identical 
(within 3%) with those of solutions of benzoic acid and diphenyl of corresponding concen- 
trations in the same media. This indicates that significant sulphondesilylation does not occur. 


THE UNIVERSITY, LEICESTER. [Received, February 5th, 1959.) 
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456. Aromatic Reactivity. Part IV.* The 2- and the 3-Position 
of Thiophen in Protodesilylation. 
By F. B. DEANs and C. EABorn. 


THE 2-position of thiophen is known to be very reactive towards electrophilic substitution, 
but no quantitative data on the reactivity are available. The 3-position is considerably 
less reactive, and it is known that detritiation by aqueous sulphuric acid takes place 
955 + 140 times as readily at the 2-position.1 Molecular-orbital calculations suggest that 
the 3-position should be about as reactive as a single position of benzene and the 2-position 
considerably more reactive.” . 

It has been established that the rate of acid cleavage of the aryl-silicon bond in a 
substituted phenyltrimethylsilane (protodesilylation) provides an excellent measure of 
reactivity at the aromatic carbon of the bond,** and we have now used the cleavage to 
measure the reactivity of the 2- and the 3-position of thiophen. We find that in acetic 
acid containing aqueous sulphuric acid at 50-18°, 2-thienyltrimethylsilane is cleaved 
43-5 times as fast as the 3-isomer, which in turn is cleaved 6-4 times as fast as p-tolyltri- 
methylsilane. Since the last compound is cleaved 18 times as fast as phenyltrimethyl- 
silane, the 2- and the 3-thienyl compounds are 5000 and 115 times as reactive as the phenyl 
compound. We conclude with confidence that, while the 3-position of thiophen is 
considerably less reactive than the 2-position, it is nevertheless markedly more reactive 
than a single position of benzene. It is of interest that the reactivity of the 3-thienyl 
compound is about half that of p-hydroxyphenyltrimethylsilane.* 

The results here presented are consistent with the relative reactivites observed for 
thiophen in detritiation if a linear free-energy relation is assumed between substituent 
effects in detritiation and in desilylation. The p-methyl group activates about 240 times 
in detritiation by aqueous sulphuric acid,5 and about 18 times in desilylation by aqueous 
sulphuric acid in acetic acid,® and the ratio of the logarithms (to base 10) of these values 
is 1-90. 2-Thienyltrimethylsilane is 43-5 times as reactive as the 3-isomer, and thus the 
logarithm of the ratio of the reactivites of the 2- and the 3-position of thiophen in detriti- 
ation should be 1-90 x log 43-5, i.e., 3-1. In view of the extrapolations involved this 
represents good agreement with the experimental figure ! of 2-98 +- 0-06. 


* Part III, preceding paper. 

1 Halvarson and Melander, Arkiv Kemi, 1955, 8, 29. 

* Melander, ibid., 1955, 8, 361; Heer, J. Amer. Chem. Soc., 1954, 76, 4802. 

% Deans and Eaborn, /., 1959, 2299. 

* Eaborn, J., 1953, 3148, and 1956, 4858; Benkeser and Krysiak, ]. Amer. Chem. Soc., 1954, 76, 
6353; Benkeser, Hickner, and Hoke, ibid., 1958, 80, 2279; Benkeser, Hickner, Hoke, and Thomas, 
ibid., p. 5289. 

5 Eaborn and Taylor, unpublished work. 
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Experimental.—Thienyltrimethylsilanes. 2-Thienyltrimethylsilane, b. p. 165-5°, »,,*° 1-4996, 
was prepared from 2-thienyl-lithium and trimethylchlorosilane in ether. 

A little ethyl bromide was added to magnesium turnings (22 g.) and ether (150 ml.). When 
reaction had started a mixture of 3-bromothiophen (24 g.), ethyl bromide (82 g.), and ether 
(450 ml.) was added slowly with stirring, and addition was followed by 40 hours’ refluxing.® 
Trimethylchlorosilane (100 g.) was added at such a rate as to maintain boiling, and the mixture 
was then boiled for 3 hr. Water and then dilute acid were added until twoclear layers 
separated. The ether layer was washed and dried (Na,SO,), and fractionation gave 3-thienyl- 
trimethylsilane (12 g.), b. p. 168°, ,* 1-4993 (Found: C, 53-7; H, 7-6. C,H,,SSi requires 
C, 53-8; H, 7-8%). 

Rate studies. The method has been described.* 

Wavelengths of 252 and 253 my were used for the 3*isomer and 255 my for the 2-isomer. 
Good first-order kinetics were observed. 

The Table shows the first-order rate constants, k,, at 50-18° and the activation energies 
(accurate to +1 kcal./mole), E,, and logy, A factors determined from measurements at two 
temperatures only. 


Compound H,SO, * (mM) k,(min.-') (kcal./mole) logy, A 
DREAM csiscsssticseschsstaceeshoons 5-65 00656 21-4 13-3 
IS -haivudsdnvsctvessinscnceuthdaeenecess 5-65 0-419 19-0 12-5 
I. éxcccsaccsesncnccdtensstalatbecssbi< 1-15 0-00786 22-2 12-9 
| TR TERE 1-15 0-342 19-5 12-7 

* Concn. of acid, 3 vol. of which were added to 4 vol. of a solution of the organosilane in acetic 


acid containing 0-73 wt.-% of water (see ref. 3). 
THE UNIVERSITY, LEICESTER. (Received, February 13th, 1959.) 


® Gronowitz, Arkiv Kemi, 1954, 7, 267. 





457. The Nitration of 9-Bromophenanthrene. 
By R. S. W. Braituwalre and P. F. Hott. 


THE only bromomononitrophenanthrene described in the literature, 9-bromo-10-nitro 
phenanthrene (I), was prepared by nitrating 9-bromophenanthrene in benzene with 
dinitrogen tetroxide }* or in hot acetic acid with nitric acid.** The yields are low and 
3-nitro-9 : 10-phenanthraquinone is also formed.45 Whilst attempting to improve the 
Br NO, method, we investigated the mechanism by which the phenanthraquinone 
is formed. 

es > Although insoluble, 9-bromophenanthrene slowly turns yellow in cold 
nitric acid (d 1-42). After some hours, treatment of the solid with 
(1) acetone yields a residue from which a second bromomononitrophen- 
anthrene, m. p. 192°, and a small quantity of the 9-bromo-10-nitro- 
compound can be separated. On evaporation, the mother-liquor gives a mixture from 
which both these two and a third bromomononitrophenanthrene, m. p. 153°, have been 

isolated, the last in small yield. 

Oxidation of the second bromonitrophenanthrene with chromium trioxide yields 
3-nitro-9 : 10-phenanthraquinone, proving that the nitro-group is in either the 3- or the 
6-position. Reduction with zinc and hydrochloric acid gives 3-amino-9-bromophenan- 
threne, the orientation of which has been established.? Therefore, the compound is 
9-bromo-3-nitrophenanthrene. 

Hot fuming nitric acid in acetic acid oxidized it to 3-nitro-9 : 10-phenanthraquinone. 


1 Schmidt and Kampf, Ber., 1902, 35, 3121. 

2 Schmidt and Ladner, Ber., 1904, 37, 3573. 

? Anschiitz, Ber., 1878, 11, 1217. 

4 Werner, Annalen, 1902, 321, 334. 

S Austin, J., 1908, 98, 1760. 

* Callow and Gulland, J., 1929, 2424. 

7 Schultz, Goldberg, Ordas, and Carsch, J. Org. Chem., 1946, 11, 307. 
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The formation of this phenanthraquinone during the nitration of 9-bromophenanthrene 
in hot solution probably therefore involves the production and subsequent oxidation of 
9-bromo-3-nitrophenanthrene, the 10-nitro-group preventing the oxidation of the 9: 10- 
bridge in the isomer (I). 

Chromium trioxide oxidises the third bromomononitrophenanthrene to a mononitro- 
phenanthraquinone not identical with the known 2-, 3-, or 4-nitrophenanthraquinone, and 
which is therefore l-nitrophenanthraquinone; the bromonitrophenanthrene must be 
either the 9-bromo-1l-nitro- or the 9-bromo-8-nitro-compound. 


Experimental.—Nitration of 9-bromophenanthrene. Finely powdered 9-bromophenanthrene 
(20 g.) was added during 30 min. to nitric acid (d 1-42; 200 ml.) at 18°. After 10 hr. the solid 
was filtered off, washed with water, boiled with acetone (100 ml.), cooled, filtered off, and again 
boiled with acetone (100 ml.) and cooled. The residue (10 g.) was crystallised from acetic acid. 
The first crop formed yellow needles of 9-bromo-3-nitrophenanthrene (7-4 g.), m. p. 189—191°, 
raised on recrystallisation to 192° (Found: C, 55-7; H, 2-7; N, 4:7; Br, 26-0. C,,H,O,NBr 
requires C, 55-7; H, 2-7; N, 4-6; Br, 26-56%). The second crop, on recrystallisation, gave pale 
yellow needles of 9-bromo-10-nitrophenanthrene (I) (1:3 g.), m. p. 202—205°, which did not 
depress the m. p. of an authentic specimen. 

The acetone mother-liquors, on concentration at room temperature, deposited a solid (2-6 g.). 
Fractional crystallization from acetic acid gave the 9-bromo-10-nitro-compound (I) (0-35 g.), 
and 9-bromo-(1 or 8)-nitrophenanthrene (III) (44 mg.), yellow needles, m. p. 153°; mixed with (I), 
m. p. 135—140°; mixed with (II), m. p. 132—150° (Found: C, 55-6; H, 3-0; N, 5-0. C,,H,O,NBr 
requires C, 55:7; H, 2-7; N, 4:6%). 

Oxidation of 9-bromo-3-nitrophenanthrene. Chromium trioxide (0-2 g.) was added in portions 
to 9-bromo-3-nitrophenanthrene (0-1 g.) in acetic acid (30 ml.) at 90°. After 2 hr. the mixture 
was poured into water, and the precipitate was separated and recrystallized from acetic acid, 
giving 3-nitro-9: 10-phenanthraquinone (39 mg.), m. p. 279—280° (lit.,1 m. p. 279—280°); 
oxime, m. p. 237—238° (lit.,1 m. p. 240°). 

Reduction of 9-bromo-3-nitrophenanthrene. To 9-bromo-3-nitrophenanthrene (0-3 g.) in 
boiling ethanol (80 ml.) were added hydrochloric acid (d 1:18; 10 ml.) and then zinc dust (0-2 g.). 
After refluxing, the filtered solution when concentrated gave 3-amino-9-bromophenanthrene 
hydrochloride (0-35 g.), white needles, m. p. 258° (decomp.) (Found: C, 542; H, 42. 
C,,H,,NBrCl requires C, 54-4; H, 3-6%), converted by ethanolic sodium hydroxide into 3-amino- 
9-bromophenanthrene, white needles (from aqueous ethanol), m. p. 113° (lit.,7 m. p. 112-5— 
113°) (Found: C, 60-9; H, 3-6; N, 5-0; Br, 30-0. Calc. for C,,H,NBr: C, 61-8; H, 3-7; 
N, 5-2; Br, 29-4%) (Schultz e¢ al.? gave N, 5-37%); acetyl derivative, m. p. 221° (lit.,’ 
m. p. 220-5—221-5°). 

Oxidation of 9-bromo-3-nitrophenanthrene with nitric acid. Nitric-acid (d 1-5; 3 ml.) was 
added dropwise to 9-bromo-3-nitrophenanthrene (2 g.) in acetic acid (9 ml.) and acetic anhydride 
(4-5 ml.) at 90°. After 20 min., the liquid on cooling yielded a precipitate which, when recrystal- 
lized from toluene, was identified as 3-nitro-9 : 10-phenanthraquinone (0-16 g.), m. p. 271—278°, 
mixed m. p. 278—279°. 

Oxidation of 9-bromo-(1 or 8)-nitrophenanthrene. Chromium trioxide (25 mg.) in acetic acid 
(10 ml.) was added in portions to the bromonitrophenanthrene (19 mg.) in acetic acid (10 ml.) 
at 90°. After 2-5 hr. the mixture was diluted with water (30 ml.) and filtered. The orange 
precipitate, recrystallized from aqueous acetic acid, gave 1l-nitrophenanthraquinone (5 mg.) as 
orange prisms, decomposing slowly above about 240° to give a purple sublimate, and finally 
melting at 270° (Found: C, 64:5; H, 2-72. C,,H,O,N requires C, 66-2; H, 2-77%). This 
material depressed the m. p.s of authentic 2-nitrophenanthraquinone and authentic 3-nitro- 
phenanthraquinone. 4-Nitrophenanthraquinone has m. p. 180°. The new phenanthraquinone 
dissolves in sulphuric acid to give a greenish-brown solution. 


The authors are indebted to the Department of Scientific and Industrial Research for a 
Maintenance Allowance to one of them (R. S. W. B.), to Miss M. L. Booker for technical 
assistance, and to one of the Referees for helpful advice. 

COLLEGE OF SCIENCE AND TECHNOLOGY, MANCHESTER. 

UNIVERSITY OF READING. [Received, September Sth, 1958.) 

®§ Schmidt and Kampf, Ber., 1903, 36, 3734. 
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458. An Aporphine Alkaloid, Nuciferine, from Asiatic Lotus 
Cultivated in Hong Kong. 
By H. R. ARTHUR and H. T. CHEUNG. 


AstaTIc lotus (Nelumbo nucifera Gaertn.) is an endemic species which occurs widely in the 
Colony of Hong Kong. It is found also in regions from India to Australia, is eaten, and is 
used in folk-medicine. Leaves, of Hong Kong origin, afforded us a 002% yield of an 
alkaloid, whose hydrochloride was more soluble in chloroform than in cold dilute hydro- 
chloric acid or water, thus providing a simple method of isolation. Analysis and determin- 
ation of the molecular weight indicated that the alkaloid, which we have named nuciferine, 
has the formula C,,H,.(OMe),(>NMe); it has a blue fluorescence in the solid state or 
in solution and, after irradiation with ultraviolet light, a yellow phosphorescence. The 
physical constants of nuciferine and of its derivatives corresponded with those of (—)-5 : 6- 
dimethoxyaporphine (dimethylnor-roemerine),! and identity was confirmed by a mixed 
melting point and comparison of the infrared spectrum with that of a sample prepared 
from roemerine by Cooke and Haynes.” 

An alkaloid, nelumbine (no m. p. or formula given), from the seed and cotyledons of 
lotus, may or may not be the same as nuciferine. 

Amino-acids and other alkaloids have been reported to occur in other (Japanese) species 
of the Nymphaeaceae.* Several Nymphaeaceae alkaloids of unknown constitution are 
recorded by Henry.® 


Experimental.—Analyses are by Dr. Zimmermann, Melbourne. Fresh leaves (6 kg.) of 
Nelumbo nucifera, collected in September, were extracted with cold ethanol (14 1.) for 4 days. 
The solvent was removed from the green extract under reduced pressure. The black residue 
was distributed between chloroform (3 1.) and 5% aqueous ammonia (1 1.). The chloroform 
layer was washed with water and shaken several times with 2N-hydrochloric acid. [From the 
acid extract (4 1.) a brown basic oil was obtained; this did not yield nuciferine.} The residue 
obtained on removal of the chloroform under reduced pressure was triturated with warm water 
(21.). The aqueous solution was basified with ammonia and then extracted with chloroform 
(2 1.), from which, on distillation, the crude base (1-2 g.) was obtained. Recrystallisation from 
ethanol gave nuciferine, m. p. 165-5° (Kofler), [@],2* —157-5° (c 1-06 in ethanol) (Found: C, 
77-7; H, 7-1; N, 47; OMe, 20-8; NMe, 4-69; M, 279. (C,,H,,O,N requires C, 77:3; H, 
7-2; N, 4:7; 20Me, 21-0; NMe, 5-1%; M, 295). 

Dry hydrogen chloride was passed into a solution of nuciferine (0-5 g.) in dry ether. The 
white gel formed was collected. Crystallisation from ether—-methanol gave needles of nuciferine 
hydrochloride, m. p. 241° (vac.) (Found: C, 68-8; H, 6-6. C,.H,,O,N,HCl requires C, 68-8; 
H, 6-7%). Nuciferine (0-25 g.) was warmed with methyl iodide (20 ml.) for a few minutes; 
removal of the methy] iodide left nuciferine methiodide which crystallised from ethanol as needles, 
m. p. 177—178° (Kofler) (Found: C, 54-3; H, 5-7; N, 2-6. C,,H,,O.N,MelI requires C, 54-9; 
H, 5-5; N, 3-2%) (Yunusov et al.! give m. p. 164—167°). 

The colour reactions of nuciferine were as those published for synthetic (-+.)-5 : 6-dimethoxy- 
aporphine,® except that with Fréhde’s reagent the blue colour became brown. 


The authors thank Mr. R. G. Cooke (University of Melbourne) for the sample of (—)-5 : 6-di- 
methoxyaporphine, and for determination of infrared spectra; Mr. H. C. Tang (Government 
Herbarium, Hong Kong) for identification of plant material; Smith, Kline & French 
Laboratories, Philadelphia, and the Research Grants Committee of the University of 
Hong Kong, for grants-in-aid. 


UNIVERSITY OF Honc Kone, Honc Kona. [Received, November 24th, 1958.]} 


? Yunusov, Konovalova, and Orekhov, Bull. Soc. chim. France, 1940, 7, 70; J. Gen. Chem., 
U.S.S.R., 1939, 9, 1868. 
Cooke and Haynes, Ausiral. ]. Chem., 1954, 7, 99. 
Greshoff and Boorsma, Mededeel. s’'Lands Plantent., 1899, $1, 125. 
Ukai, Arata, Ohashi, and Seto, Ann. Report Fac. Pharm., Kanazawa Univ., 1953, 3, 8. 
Henry, “‘ The Plant Alkaloids,”’ J. & A. Churchill Ltd., London, 4th edn., 1949, p. 758. 
Gulland and Haworth, J., 1928, 590; Callow, Gulland, and Haworth, /J., 1929, 670. 
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459. The Alcoholysis of Aromatic Acid Chlorides, 
By E. R. A. PEELING. 


RECENT investigations of the kinetics of the hydrolysis and alcoholysis of benzoyl and 
substituted benzoyl chlorides have not led to completely concordant conclusions. Hudson 
and his co-workers |? have suggested that aromatic acid chlorides may be hydrolysed by 
either the Sxl or the Sy2 mechanism, and Bunton and Lewis * have suggested a two-stage 
process. We now present some results which we believe support the mechanisms proposed 
by Bunton and Lewis. 

The rates of ethyl alcoholysis in initially neutral solution of the acyl halides studied are 
shown in Table 1, and the rates in the presence of added alkali in Table 2. The relative 


TABLE 1. First-order rate coefficients (k, in sec.) of the alcoholysis of X-C,H,°COCI in 
“ 80% °’ alcoholic acetone at —10-75°. 


i <iebewinnksdadhatchnaaunaannteenase H p-NO, p-Me 2:4: 6-Me, 
WIP, ~ kticieniananedinbrianneieediaia 4-97 212 2-28 521 


Cla 


TABLE 2. Second-order rate coefficients (k, in sec. mole™ 1.) of reaction between 
X°C,H,°COCI (0-03m) and OEt~ (0-02m) in “ 80% ”’ alcoholic acetone at —10-75°. 

Ji: dbcwianwcieniemenssaanaiaeuinad H p-NO, 2:4: 6-Me, 
>3 >3 0-34 
rates of alcoholysis of the four acyl halides are qualitatively similar to the relative rates in 
aqueous solvents. In the presence of alkali the rates are much increased (Table 2). The 
rate of the solvolytic reaction is so much less than that of the reaction with alkali that the 
solvolytic reaction may be neglected.. 

These results are similar to those of Bunton and Lewis,? who calculated an increase of 
nearly 1000-fold in the rate of hydrolysis of 2: 4: 6-trimethylbenzoyl chloride in 95% 
aqueous dioxan in the presence of Im-alkali. Brown and Hudson,? on the other hand, 
found no increase in the rate of hydrolysis on the addition of 0-001m-alkali. It seems 
possible that in this case the potassium nitrate used to eliminate junction potentials in the 
titration cell prevents the alkali dissolving in the solvent to give a homogeneous solution. 

An alternative explanation * is that the increase of rate of the neutral solvolysis and 
the raductien of the rate of nucleophilic attack by hydroxide ions caused by the addition 
of potassium nitrate result in no apparent alkaline catalysis. 

The increase in rate of alcoholysis caused by the addition of alkali and the effect of 
added salts, shown in Table 3, rule out the possibility that even 2 : 4 : 6-trimethylbenzoyl 
chloride reacts by an Syl-like mechanism and support the findings and conclusions of 
Bunton and Lewis.* 

TABLE 3. First-order rate coefficients (10* k,; k, in sec.) of the alcoholysis of p-nitro- and 
2:4: 6-trimethyl-benzoyl chloride in “ 80°%,’’ alcoholic acetone at —10-75° tn the presence 
of 0-1m-LiCl and 0-1M-LiBr. 


Halide No salt added 0 Im-LiCl 0-Im-LiBr 
p-NO, ae 2-12 3-42 5-96 
: 4: 6-Me,C,H,-COCI ......... 5-21 5-20 9-46 


Experimental.—Materials. Acetone was purified by the method of Conant and Kirner.‘ 
Ethyl alcohol was dried by the method of Lund and Bjerrum.’ Ethyl-alcoholic acetone (‘‘ 80% ” 


* The author is grateful to a Referee for this suggestion. 

1 Hudson and Wardill, J., 1950, 1729; J., 1950, 1731; Archer and Hudson, J., 1950, 3259; Brown 
and Hudson, J., 1953, 883; Archer, Hudson, and Wardill, J., 1953, 888. 

? Brown and Hudson, /., 1953, 3352. 

* Bunton and Lewis, Chem. and Ind., 1956, 180. 

* Conant and Kirner, J. Amer. Chem. Soc., 1924, 46, 246. 

5 Lund and Bjerrum, Ber., 1931, 64, 210. 
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was prepared by mixing 8 vol. of acetone with 2 vol. of dry ethyl alcohol. Sufficient solvent 
was prepared to carry out all the kinetic measurements on the same batch. 

Benzoyl chloride, distilled at atmospheric pressure and protected from moisture, had b. p. 
198°. -Nitrobenzoyl chloride, recrystallised from dry light petroleum (b. p. 60—80°), had 
m. p. 75°. p-Toluoyl chloride, prepared from p-toluic acid by thiony] chloride and purified by 
distillation at reduced pressure, had b. p. 118°/20mm. 2: 4: 6-Trimethylbenzoy] chloride was 
prepared from mesitylene by bromination, conversion of the product into the acid via the 
Grignard reagent by means of carbon dioxide, and treatment of the acid with thionyl chloride. 
The chloride was purified by distillation under reduced pressure, and then had b. p. 120°/20 mm. 
Lithium chloride and bromide were heated at 180° for 3 hr. and cooled over POs. 

Rate measuvements. These were carried out by the sampling method. For each run 
~0-03 mol. of acyl halide was added to solvent (70 ml.) at —10-75°. Samples (5 ml.) were run 
into acetone (70 ml.) cooled to ~—50° to stop the reaction and were titrated with ~0-03N- 
potassium hydroxide, lacmoid being used as indicator. For runs in the presence of alkali, the 
required amount of sodium was dissolved in cold solvent before addition of the acy] halide, and 
the reaction followed by titration with 0-01Nn-hydrochloric acid. The following is a typical run 
with 0-0218m-2 : 4: 6-trimethylbenzoyl chloride: samples (5 ml.) were titrated with 0-0276N- 
potassium hydroxide: 


Time (sec.) ......... 0 217 372 623 918 1235 1552 2500 2 
Titre (ml.) ......... 0-00 0-44 0-72 1-08 1-46 1-86 2-18 2-86 3-94 
10*, (sec.“) ...... me 5-4 5-4 5-2 51 5-2 5-2 5-2 an 


The formula hk, = 2-303{log,,) b(a — x)/a(b — x)]/t(a — b) was used to calculate the 
second-order rate coefficient of the run on 2:4: 6-trimethylbenzoyl chloride in the 
presence of alkali; @ and b are the molarities of the alkali and acyl halide, respec- 
tively. The rates of the reactions of benzoyl and -nitrobenzoyl chlorides in alkaline 
solution were too fast to be measured, and the rates given in Table 2 assume the half-life 
period of the reaction with alkali of average concentration 0-02m to be <10 sec. 


The author thanks Professor E. D. Hughes, F.R.S., for much helpful advice. 


THE UNIVERSITY, LEICESTER. (Received, August 27th, 1958.] 





460. <A Molecular-orbital Calculation of the Ultraviolet Absorption 
Spectra of 1:5- and 1: 8-Naphthyridine. 
By T. E. PEacock. 


Various methods of calculating the electronic absorption spectra of heterocyclic molecules 
have been compared.’ One of these, employing SCF (self-consistent field) molecular 
orbitals of the parent hydrocarbon, was found particularly satisfactory under certain 
well-defined conditions: in other cases it was necessary to incorporate self-consistency 
in the substituted system. The two types of SCF calculation are here applied to interpret 
the spectral shifts which accompany di-nitrogen substitution in naphthalene to give 
naphthyridines. 

Spectra of 1: 5- and 1 : 8-Naphthyridine.—Naphthalene (numbered as in I), which has 
the symmetry Dy, is converted into naphthyridine by the substitution of two C-H groups 
by nitrogen atoms. The ultraviolet spectrum of naphthalene, calculated by use of SCF 
molecular orbitals, has already been discussed.2 The energies of its two highest occupied 
and two lowest unoccupied SCF molecular orbitals are indicated in the Figure, along 
with symmetry symbols. 

The 1: 8-naphthyridine molecule has the reduced symmetry Cg. The ground state 
function ®) and the functions of the excited configurations (A —» A’), 0(B —» B’), 
0(A —» B’), 0(B —» A’) are grouped according to symmetry under Cy as follows, 


1 McWeeny, Proc. Phys. Soc., 1957, A, 70, 593. 
? Peacock, Proc. Phys. Soc., 1957, A, 70, 654. 
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where ®(A —» A’), for instance, is the singlet function in which the configuration is 
(A)1(A’)! instead of (A)?: 


Riddsvennd Py o(A —> B’) o(B—> A’) 
Bisasicss — o(A —» 4’) 0(B —> B’) 


Since there are excited functions of the same symmetry as the ground state function, 
mixing will be allowed and should be adequate to describe the perturbing effecting of the 
substituents without the necessity for revising the basic orbitals." 

Energies and symmetries of the naphthalene 


SCF molecular orbitals. B is the veson- 
ance integral for the C-C bond in benzene. 


Be —_____ - 1.198 (B,) | 
A’ 0-938 (Bi) A m 


A —————_ 0-928 (B,) 
D ne MEE 
The symmetry of the 1 : 5-naphthyridine molecule is Cy, The ground state function 
®, and the excited state functions are grouped according to symmetry as follows: 


 aaressatencquasts o(.4—» A) = O(B—» B’ O.A— > B) OB —e A) 


Here the effects of the nitrogen atoms on the ground state cannot be described by the 
limited configuration interaction because this is symmetry-forbidden: to describe the 
perturbed molecule we must introduce orbitals appropriate to the substituted molecule, 
t.e., SCF molecular orbitals for 1 :.5-naphthyridine. These can be obtained by an iterative 
method, starting from the solution for the hydrocarbon.’ 

The general interpretation of the so-called «, #, 8, and 8’ bands of an alternant hydro- 
carbon *5 and its heterocyclic derivatives **? in terms of the mixing of the configurational 
functions discussed above, is now well known. The electron-interaction integrals and 
parameters were given the same numerical values as in previous work.2* Our calculated 
transition energies for the naphthyridines are given in the Table, with those for 
naphthalene.? 


Transition Transition Transition 


State energy Observed State energy Observed State energy Observed 
and (pre- band and (pre- band and (pre- band 
symmetry dicted) (7) (¥) symmetry dicted) (7) (v) symmetry dicted) (¥) (¥) 
Naphthalene 1 : 5-Naphthyridine * 1 : 8-Naphthyridine * 
a(Bs) 35,900 32,300 a(B,) 36,300 32,450 a(B) 36,150 32,450 
p(B) 36,600 36,500 p(B,) 37,100 37,450 p(A) 37,100 37,450 
B(B;) 51,000 45,200 B(B,) 53,050 on B(B) 53,950 2 ong 
8'(Bs) 53,700 —«59,700 B(B,) 53,050 > 47-600 B'(A) 54.150 > 45.200 


* The experimental values for these two molecules were personally communicated by Dr. S. F. 
Mason, University of Exeter. 

All the theoretical values above are absolute and no attempt has been made to fit the observed 
data by revising parameter values or otherwise. 


Discussion.—« Band. Theory predicts the band to move 400 ¥ for 1 : 5-naphthyridine 
and 250 v for 1: 8-naphthyridine: experimentally the band moves 150 v. Although 
the agreement between the calculated and observed energies is only fair, on an absolute 
scale, it is most significant that the theoretical shifts are of the correct order of magnitude 
and in the right direction. It is predicted that substitution will increase the intensity of 
the band,” as observed. 


* McWeeny, Proc. Roy. Soc., 1956, A, 287, 355. 

* Dewar and Longuet-Higgins, Proc. Phys. Soc., 1954, A, 67, 795. 
5 Pople, Proc. Phys. Soc., 1955, A, 68, 81. 

* McWeeny and Peacock, Proc. Phys. Soc., 1957, A, 70, 41. 

7 Peacock, Nature, 1957, 179, 684. 
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? Band. On substitution this band mroves to higher energies by 950 v in both cases. 
It is predicted to move 500 ¥ this way in both systems. Because of the uncertainty in 
determining the centre of this band we may say that agreement between theory and 
experiment is again fair. An increase in the intensity of the band in both substituted 
systems is observed, again agreeing with theory. 

8 and 8’ Bands. Experimentally the positions of these bands are uncertain. According 
to Mason they are certainly higher than 47,600 ¥ in 1 : 5-naphthyridine and higher than 
45,200 ¥ in 1: 8-naphthyridine. Our predictions of about 53,000 v in each case seems to 
support this. Both bands will be decreased in intensity ** but as the bands are so close 
a single broad intense band should result in both substituted molecules. Mason has con- 
firmed the presence of a single intense band in | : 8-naphthyridine. 


I thank Dr. R. McWeeny for his interest, Dr. S. F. Mason for allowing me to quote unpub- 
lished results, and the Ramsay Memorial Fellowships Trust for a Fellowship. 


UNIVERSITY COLLEGE OF NORTH STAFFORDSHIRE, KEELE. [Received, December 8th, 1958.} 





461. N-Hydroxy-imides. Part III. 8-p-Methoxyphenylglutacon- 
imides. 
By D. E. Ames and T. F. Grey. 
(With spectroscopic data by Miss E. M. TANNER.) 


THE preparation of the N-benzyloxy- and N-hydroxy-imides of some dibasic acids has 
been described.? We have now prepared some derivatives of $-f-methoxyphenyl- 
glutaconic acid (I), which is readily obtained by condensation of anisole with acetone- 
dicarboxylic acid.* Condensation of the acid (I) with benzyloxyamine in boiling xylene 
yielded the N-benzyloxy-imide (II; R! = O-CH,Ph), tautomeric with the pyridone (III; 
R! = O-CH,Ph, R? =H). The latter was debenzylated to the N-hydroxy-imide or 
pyridone (II; Rt = OH or III; R! = OH, R? = H) which was methylated to 1 : 6-di- 
methoxy-4-p-methoxyphenylpyrid-2-one (III; R!= OMe, R? = Me). 


HyCO,H sO /AHECOR? 
p-MeO-C,Hy'C NR? p-MeO-CgHyC NR? 
p-MeO-C,HyC=CH-CO,H NcH-c6 eNcHCe 
() (II) (IID) 


Methylation of the N-benzyloxy-imide (II; R! = O-CH,Ph) afforded 1-benzyloxy-6- 
methoxy-4-p-methoxyphenylpyrid-2-one (III; R!=O-CH,Ph, R* = Me) which, on 
catalytic debenzylation, gave 1-hydroxy-6-methoxy-4-p-methoxyphenylpyrid-2-one (III; 
R! = OH, R? = Me). 

The isomeric 6-hydroxy-l-methoxy-4-p-methoxyphenylpyrid-2-one (III; R! = OMe, 
R? = H) was obtained from O-methylhydroxylamine and §-f-methoxyphenylglutaconic 
anhydride (attempts to use the glutaconic acid failed). 

Spectroscopic Data (By Miss E. M. TANNER).—Structures (II) and (III) are readily 
differentiated spectroscopically (see Table). In infrared spectra of compounds (II) there 
are two carbonyl bands typical of the group -CO-NR-CO-, while compounds (III) show 
amide carbonyl absorption near 1660 cm.. Most of the pyridones (II) show weak 
hydroxyl bands in spectra of chloroform solutions which are not present in spectra in 


1 Part II, J., 1955, 3518. 
? Ames and Grey, J., 1955, 631. 
* Limaye and Bhave, J. Indian Chem. Soc., 1931, 8, 137. 
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Ultraviolet spectrum 


Infrared spectrum ¢ 0-1n-HCl 0-In-NaOH 

Compound pK,’ ¢ OH C=O p € Amax. € 
CEs Twi GE cecsitisccinncn 4-63 ° 3232 ¢ 1726, 1675 223 13,200 258 9,600 
318 15,650 328 5,610 
SOS Be Me IID wisennesindsiocxecess 3-89 3504*w 1726, 1684 223 13,050 260 21,000 
319 17,750 336 9,300 
(I; R* = OCH Ph) ............... 5-77 ° 3536 *w 1729, 1691 235 7,240 248 21,100 
293 6,300 337 8,650 
CRE S Bee Oe BED ince cn ccasvessewencate 5°57 -- 1712, 1661 220 15,600 260 23,300 
312 18,800 340 8,600 
(II; R? = CH,Ph) .................. decomp. - 1703, 1660 ~~ 263 24,730 
344 8,360 
GES Be Bet FD sc dacvcccveccessscctaces 5-43? 3536 * w 1715, 1665 225sh 14,300 263 24,400 
312 19,790 325 5,740 
(III; R? = OH = R* = Me) .... 7-13 3378 1650 285 19,200 285 19,550 

(III; R? = OMe, R* = Me) ...... >11 1661 222 15,930 

228 19,500 288 19,500 
(III; R! = O-CH,Ph, R* = Me) >11 1658 289 21,400 288 21,900 


* In 50% ethanol. * In 66% ethanol. ¢ cm.-!; measured in chloroform. 4 Measured in Nujol. 
* No band in corresponding Nujol spectrum. w, weak band. sh, shoulder. Infrared spectra were 
recorded with a Grubb-Parsons DP1/S3A spectrometer and ultraviolet spectra with a Unicam S.P. 500 
spectrophotometer. 


Nujol; this indicates that the compounds are tautomeric in solution and is confirmed by 
their behaviour as acids of medium strength, pK,’ 4—6, and their ultraviolet spectra which 
differ in acid and alkaline solution. The pyridones (III) are not titratable as acids (except 
III; R! = OH, R? = H) and their ultraviolet spectra are unchanged by change of pH. 


Experimental.—Preparation of imides from B-p-methoxyphenylglutaconic acid. (i). Ethanolic 
methylamine (50 c.c.; 33%) was added gradually to the glutaconic acid * (15 g.). The solution 
was then distilled slowly so that the bath temperature reached 200° after lhr. After the residue 
had been heated at 190—200° for a further 1 hr., the residual gum was triturated with ether. 
Recrystallisation from ethanol yielded needles of {§-p-methoxyphenyl-N-methylglutaconimide 
(2-5 g.), m. p. 197—199° (Found: C, 67-9; H, 5-7; N, 5-9. C,,3H,,0,N requires C, 67-5; H, 5-7; 
N, 6-0%). 

(ii). A mixture of the glutaconic acid (10 g.), benzylamine (5 g.), and xylene (100 c.c.) was 
refluxed through a Dean and Stark phase separator until no more water could be collected 
(2 hr.). After removal of xylene (30 c.c.) by distillation, the hot solution was filtered. 
N-Benzyl-8-p-methoxyphenylglutaconimide, which separated on cooling, formed pale yellow 
prisms (3-3 g.) (from ethanol), m. p. 150—152° (Found: C, 74-0; H, 5-8; N, 4:7. C,,H,,O,N 
requires C, 74-3; H, 5-6; N, 46%). 

(iii). O-Benzylhydroxylamine (31 g.) and the glutaconic acid (56 g.) were condensed in 
xylene (900 c.c.) as in the previous example. The imide (4-3 g.) separated from 2-methoxy- 
ethanol as hexagonal plates, m. p. 214—125° (Found: C, 70-4; H, 5-4; N, 4-3. C,H,,O,N 
requires C, 70-6; H, 5:3; N, 43%). 

N-Hydroxy-8-p-methoxyphenylglutaconimide. The benzyloxy-compound (28 g.) was hydro- 
genated in ethanol (400 c.c.) over palladised charcoal (3 g.; 10%). Absorption ceased when 
1 mole of hydrogen had been taken up and the mixture was then filtered at the b. p. On 
cooling the imide (11 g.) separated; recrystallisation from 2-methoxyethanol gave prisms, 
m. p. 216—217° (Found: C, 62-0; H, 5-2; N, 5-6. (C,,H,,O,N requires C, 61-8; H, 4-8; 
N, 6-0%). 

1 : 6-Dimethoxy-4-p-methoxyphenylpyrid-2-one. Ethereal diazomethane (from 25 g. of 
methylnitrosourea) was added to a suspension of the dihydroxy-pyridone (1-4 g.) in methanol 
(200 c.c.), and the mixture was set aside overnight. After addition of acetic acid (1 c.c.), the 
solution was evaporated to dryness under reduced pressure. Recrystallisation of the residue 
from ethyl acetate—light petroleum (b. p. 60—80°) furnished the pyridone as prismatic needles, 
m. p. 129—130° (Found: C, 64-2; H, 5-8; N, 5-1; MeO, 35-7. C,,H,,O,N requires C, 64-4; 
H, 5-8; N, 5-4; MeO, 35-6%). 

1-Benzyloxy-6-methoxy-4-p-methoxyphenylpyrid-2-one. The N-benzyloxy-imide (5 g.) was 
suspended in methanol (100 c.c.) and treated with ethereal diazomethane (from 20 g. of methyl - 
nitrosourea). After 20 min. all the solid had dissolved, and acetic acid was added to destroy 
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excess of diazomethane. Evaporation of the solvent, trituration of the residue, and crystal- 
lisation from ethyl acetate gave the pyridone (3-8 g.), m. p. 142—143° (Found: C, 70-7; H, 5-4; 
N, 4:2. C,9H,,O,N requires C, 71-2; H, 5-7; N, 4-2%). 

1-H ydroxy-6-methoxy-4-p-methoxyphenylpyrid-2-one. A suspension of the benzyloxy-com- 
pound (10 g.) in ethanol (250 c.c.) was hydrogenated in the presence of 10% palladised charcoal 
(2 g.). Absorption ceased after about one mole of hydrogen had been taken up. The solution 
was filtered at the b. p., and on cooling the filtrate deposited the pyridone (6-3 g.), m. p. 194— 
196° (after crystallisation from ethanol) (Found: C, 62-8; H, 5:3; N, 5-8; OMe, 24-5. 
C,;H,,0,N requires C, 63-2; H, 5-3; N, 5-7; OMe, 25-1%). An alcoholic solution with ferric 
chloride had an intense red coloration. 

O-Methylacetoxime. Acetoxime (108 g.) was added to a hot solution of sodium butoxide [from 
sodium (36 g.) in butanol (750 c.c.)], and methyl iodide (210 g.) was then added with occasional 
shaking at such a rate that the mixture refluxed gently. After being kept overnight the 
mixture was distilled. The fraction, b. p. 65—80°, was left over calcium chloride for 2 days 
and then refractionated to give the ether (b. p. 70—73°) (40 g.). 

N-Methoxy-8-p-methoxyphenylglutaconimide. O-Methylhydroxylamine hydrochloride (7-5 g., 
obtained by hydrolysis of O-methylacetoxime *) was added to an ice-cold mixture of ether 
(100 c.c.) and potassium hydroxide solution (20 g. in 20 c.c. of water). The mixture was shaken 
vigorously for 5 min., and the organic layer decanted, the aqueous layer being washed with more 
ether (2 x 50c.c.). The combined ethereal layers were dried (KOH) and added to a suspension 
of 8-p-methoxyphenylglutaconic anhydride * (11 g.) in xylene (100 c.c.) and methanol (50 c.c.). 
After 30 min. the solution was distilled slowly (bath at 100° after 1 hr.). Xylene (200 c.c.) was 
added and distillation was resumed (a total of 250 c.c. of distillate was collected). On cooling 
crystals separated, and repeated recrystallisation from methanol gave the imide as needles, 
m. p. 163—166° (Found: C, 63-2; H, 5-4; N, 5-6; OMe, 24:9. C,,H,,0,N requires C, 63-2; 
H, 5:3; N, 5-7; OMe, 25-1%). 


The authors are grateful to Dr. R. E. Bowman for discussion and to Mr. F. Oliver for 
microanalyses. 

PaRKE, Davis & Company, HounsLow, MIDDLESEX. [Received, January 2nd, 1959.) 

4 Dunstan and Goulding, /., 1901, 79, 630. 





462. Ultraviolet Spectra and Periodate Oxidation of Mono- 
saccharide Phenylhydrazones. 
By J. J. O'DONNELL and ELIZABETH PERCIVAL. 


IN work on the repeated Barry degradation of laminarin and cladophoran?! it became 
apparent that the periodate ion attacked the nitrogen-containing residues present in the 
degraded polysaccharides, the nitrogen content being reduced on subsequent oxidation. 
To obtain information on the nature of these nitrogen-containing residues and quantitative 
values for the amount of periodate reduced by these groups in the degraded polysaccharide 
the ultraviolet absorption spectra of, and the action of periodate on, sugar phenylhydr- 
azones have been studied. It was expected that the uptake of periodate by such compounds 
might be related to that of the degraded polymers. 

The ultraviolet spectra of sugar osazones ? and of the Barry degradation fragments of 
monomethyl-sugars * have already been examined. The spectra of the sugar phenyl- 
hydrazones exhibited qualitative and quantitative similarities, but these could not be 
related to the spectra of the degraded polysaccharides. When the solutions were kept the 
phenylhydrazone spectra changed to a non-characteristic curve, in keeping with the 
tendency of these compounds to decompose in solution. 

Oxidation of sugar osazones * by sodium periodate resulted in rapid consumption of 

1 O'Donnell and Percival, J., 1959, 1739. 

Barry, McCormick, and Mitchell, J., 1955, 222 


2 
3 Mitchell, Proc. Roy. Irish Acad., 1958, 59, 43. 
4 


Chargaff and Magasanik, J. Amer. Chem. Soc., 1947, 69, 1459; Courtois, Wickstrom, and Le 
Dizet, Bull. Soc. chim. France, 1952, 1006. 








(19. 


the 

hyd 
acti 
reat 
gly 
was 
foll 


wit 


o 


-~ mmhter 65 





m 
al 
e 
S 








XU 


(1959) Noies. 2313 


the theoretical amount of periodate, and precipitation of mesoxaldehyde 1 : 2-bisphenyl- 
hydrazone; this was followed by a slow irregular reduction which was attributed to inter- 
action of the periodate ion with the insoluble mesoxaldehyde derivative. A similar 
reaction takes place with the phenylhydrazones, and orange-red crystals believed to be 
glyoxal monophenylhydrazone are deposited. The initial rapid consumption of periodate 
was complete within an hour and corresponded to the number of glycol groups. This was 
followed by a further uptake of 1-6—2-8 mol. during 3 days. These results, together 
with the earlier results on periodate oxidation of osazones, demonstrate clearly that the 
periodate ion attacks, not only the glycol groups, but also the nitrogenous group in the 
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degraded polymers. Since oxidation of degraded nitrogen-containing polysaccharides is 
usually allowed to proceed for several days the extent of this attack is considerable and 
any quantitative conclusions based on it must be viewed with caution. 

In this work it was found that, whereas the 8-form of glucose phenylhydrazone had 
adsorption characteristics similar to those of the other sugar phenylhydrazones, the Skraup 
isomer * of glucose phenylhydrazone gave a different spectrum (see Figure) which was 
qualitatively similar to that of phenylhydrazine. This agrees with the results of Mester 
and Major ® who postulated, on the basis of the formation of a crystalline formazan, that 
glucose $-phenylhydrazone (like mannose phenylhydrazone) had an acyclic structure. In 
contrast, Skraup’s glucose phenylhydrazone did not yield a formazan and was therefore 
considered to have a cyclic structure. 


Experimental.—The phenylhydrazones of mannose, ribose, arabinose, galactose, and glucose 
(g-form and Skraup form), prepared by the standard method,®* were isolated as white crystalline 
solids and recrystallised to constant m. p. The absorption of each phenylhydrazone (10 mg./1.) 
in 1: 1 aqueous ethanol was measured in a Unicam S.P. 500 spectrophotometer in the range 
222—230 my. The value of ¢ at 277 my for each sugar was constant (+10%) at 13,700. A 
second less well-defined peak at 235—-240 my was also present. The Skraup isomer had a 
negligible absorption at 277 my but at 237 my had e 8900 (cf. phenylhydrazine which also has 
a maximum absorption at this wavelength). Degraded laminarin and degraded cladophoran 
(142 mg./l.) showed weak absorption peaks at 383—385 and 360—362 muy respectively. 

Periodate oxidation. Samples (100 mg.) were dissolved in water (5 ml.) (mannose phenyl- 
hydrazone gave a suspension), and 0-197m-sodium periodate solution) (15 ml.) was added. The 
reaction was followed by withdrawal of samples at intervals, and the amount of periodate reduced 
was measured.” The quantity of periodate (3 or 4 mols.) required to cleave the glycol groups 
present in each hydrazone was consumed within 1 hr. and this was accompanied by the pre- 
cipitation of orange-red crystals. As oxidation proceeded these crystals gradually redissolved 


5 Mester and Major, J. Amer. Chem. Soc., 1955, 77, 4297. 
* Butler and Cretcher, J. Amer. Chem. Soc., 1929, §1, 3161; Fischer, Ber., 1887, 20, 824. 
7 Fleury and Lange, Compt. rend., 1932, 195, 1395. 
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and a tar resulted; this had no distinguishing feature in its ultraviolet spectrum. The periodate 
consumptions (mole/mole) were: 


Phenylhydrazones of: 


Period of glucose glucose 

oxidn. galactose B-isomer Skraup isomer arabinose ribose 
30 min. 4-05 3-90 3-95 3-06 3-16 
72 hr. 6-30 6-20 6-80 4-60 4-90 


The orange-red crystals consumed 1 mole of periodate per mole (calculated as glyoxal 
monophenylhydrazone) during 30 min. and 2-6 moles per mole during 48 hr. 

If the oxidation was stopped after 30 min. by addition of ethylene glycol and sodium 
hydrogen carbonate the crystalline material could be separated (80% yield calculated as glyoxal 
monophenylhydrazone). After one recrystallisation from alcohol this had m. p. 85° (decomp.) 
(Found: N, 18-4. Calc. for CSH,ON,: N, 18-9%). 


One of us (J. J. O’D.) thanks the Institute of Seaweed Research for a maintenance grant. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF EDINBURGH. (Received, January 9th, 1959.) 





463. The Ionization Constant of p-Iodobenzoic Acid at 25°. 
By R. A. Ropinson and K. P. Ane. 


THE ionization constants of many substituted benzoic acids have been determined, notably 
by Dippy and his colleagues, but, although Kuhn and Wassermann 2 found pK 5-00 for 
p-iodobenzoic acid in 50% methanol at 20°, no measurements seem to have been made 
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for aqueous solutions. This may be due to the low solubility of the acid in water and the 
method of ultraviolet spectrophotometry * therefore commends itself. 

p-lodobenzoic acid from Koch Laboratories was twice sublimed in vacuo at 100° (m. p. 
271—272°) and optical density measurements were made with solutions 1-76 x 10°N with 
respect to the acid, 4 cm. cells being used in a Uvispek instrument. The temperature was 
maintained at 25° + 0-5° in an air-conditioned room. The Figure shows the absorption 
spectra in solutions of pH 0 and pH 12. It will be seen that there is no wavelength at 
which the absorption is negligible in one solution and appreciable in the other; this 
diminishes the accuracy of the method but at a wavelength of 270 my there is sufficient 
difference between absorption in acid and in alkaline solution to make the method 
applicable. Two sets of buffers were used. The first consisted of formic acid partially 
neutralized with sodium hydroxide. If Kg is the ionization constant of formic acid, then: 


; Salt 
pK = pH — log > hm mw © ew sw te we 


Bray, Dippy, Hughes, and Laxton, J., 1957, 2405. 
Kuhn and Wassermann, Helv. Chim. Acta, 1928, 11, 31. 
Robinson and Biggs, Trans. Faraday Soc., 1955, §1, 901; Biggs, J., 1956, 2485. 
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where pH = —log yuu, yr is the activity coefficient of the formate ion, and the ratio 
salt : acid is corrected for the appreciable ionization of formic acid. 
If K is the ionization constant of p-iodobenzoic acid, then: 


D, — D 
K = pH — log =~ — lo S ee ee 
Pp. p SD—D, 8 YB (2) 





where D,, D,, and D are the optical densities in solutions of pH 0 and 12 and in the formate 
buffer respectively, and yg is the activity coefficient of the iodobenzoate ion. Then: 


. . Salt D,—D : 


if yp can be equated to yg. It is known * that pKpy = 3-754 at 25°. 

The second set consisted of partially neutralized succinic acid with the addition of 
sodium chloride, 7.e., either xm-succinic acid + 0-5xm-sodium hydrogen succinate + xM- 
sodium chloride or a buffer with half this amount of sodium chloride. In either case, 
sufficient data are available 5 to afford the log (salt/acid) term in equation (3). 

The tabulated results were obtained. 


p-lodobenzoic acid, 1-76 x 10°5N. Wavelength, 270 my, 4 cm. cells. Temp., 25°. 
D, (in M-HCl) 0-760. Dz, (in 0-01M-NaOH) 0°311. 


Molality of H-CO,H D log (Salt/ Acid) log (D, — D)/(D — D,) pk 
Formic acid, xm. Sodium formate, 1-923%M. 
0-001733 0-491 0-321 0-175 3-900 
0-003466 0-497 0-304 0-150 3-908 
0-006932 0-502 . 0-295 0-130 3-919 
Formic acid, +m. Sodium formate, 1-504+m. 
0-001989 0-520 0-222 0-060 3-916 
0-003978 0-525 0-201 0-041 3-914 
0-007956 0-533 0-190 0-029 3-915 
Formic acid, xm. Sodium formate, +m. 
0-002533 0-565 0-059 —0-115 3-928 
0-005066 0-572 0-033 — 0-142 3-929 
0-01013 0-574 0-018 — 0-150 3-922 
Molality of succinic 
acid D log (Salt/ Acid) log (D, — D)/(D — D,) pk 
Succinic acid, xm. Sodium hydrogen succinate, 0-5*%m. Sodium chloride, x. 
0-02 0-550 —0-315 — 0-056 3-948 
0-03 0-549 —0-321 — 0-052 3-938 
0-04 0-551 — 0-326 —0-060 3-941 
0-05 0-551 — 0-328 — 0-060 3-939 
Succinic acid, xm. Sodium hydrogen succinate, 0-5x%m. Sodium chloride, 0-54M. 
0-02 0-545 —0-318 — 0-037 3-926 
0-03 0-549 — 0-332 — 0-052 3-937 
0-04 0-550 — 0-324 — 0-056 3-939 
0-05 0-551 — 0-327 — 0-059 3-939 


The average value of pK is 3-927 with a standard deviation of 0-010. The succinate 
give higher pK’s than the formate buffers, and a further study on an acid more suited to 
the method is needed to see if the difference is real. For the present, we report the best 
value of pK as 3-93. The Hammett o parameter is therefore 0-27, compared with 0-276 
derived by Hammett * from measurement on the alkaline hydrolysis of ethyl benzoates 
in 88°% ethanol at 30°. 


UNIVERSITY OF MALAYA, SINGAPORE. (Received, January 19th, 1959.) 


* Harned and Embree, J. Amer. Chem. Soc., 1934, 56, 1042. 
* Pinching and Bates, J. Res. Nat. Bur. Stand., 1950, 45, 444. 
* Hammett, “‘ Physical Organic Chemistry,”” McGraw-Hill, New York, 1940, p. 188. 
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464. N-Alkyl-2-1'-benzimidazolylethylamines. 
By S. BELL, R. Foster, and (Miss) W. E. B. Soutar. 


CERTAIN N-alkyl-2-1’-benzimidazolylethylamines have been prepared in order to discover 
whether they resemble or antagonise serotonin in its pharmacological action. 
2-1'-Benzimidazolyl-N-methylethylamine (II; R =H, R’ = Me) has been prepared 
from the corresponding unsubstituted compound (II; R = R’ = H) by formylation and 
subsequent reduction with lithium aluminium hydride, but the overall yield starting from 


- NH N-CH;CONRR’ N-CH,-CH,NRR’ 
<< & we... no — 2 
N™ N N 


my t (II 


? ged 
NO, (Ill 


o-chloronitrobenzene is low. The same product has, however, been obtained in high yield by 
reducing the condensation product (I; R = H, R’ = Me) of benzimidazole and «-chloro-N- 
methylacetamide This method has been applied to the preparation of the NN-dimethyl 
and NN-diethyl derivatives. The latter compound has also been prepared from NN- 
diethyl-N’-o-nitrophenylethylenediamine (III; R = R’ = Et) by reduction and cyclisation. 


amine ? (3-5 g.), 988—100% formic acid (10 ml.), and toluene (40 ml.) were slowly distilled on a 
steam-bath. After 6 hr. the residual formic acid and toluene were evaporated in vacuo, water (2 
ml.) was added, the mixture basified with solid potassium hydrogen carbonate and extracted with 
chloroform. The dried (Na,SO,) solution gave, on evaporation, a brownish-oil which slowly 
solidified. 2-1’-Benzimidazolyl-N-formylethylamine was obtained after two recrystallisations from 
ethyl acetate as needles (15%), m. p. 148-5° (Found: C, 63-6; H, 5-9; N, 22-2. C,,H,,ON; 
requires C, 63-5; H, 5-8; N, 22-2%). The formyl compound (0-9 g.) was added slowly to a suspen- 
sion of lithium aluminium hydride (1 g.) in tetrahydrofuran and then refluxed with stirring for 
4 hr., the excess of hydride decomposed with water, and the product extracted with benzene. 
Evaporation gave an oil, soluble in water from which 2-1’-benziminazolyl-N-methylethylamine 
dipicrate was precipitated. Two crystallisations from water gave red needles (70%), decomp. 
ca. 170° (Found: C, 42-1; H, 3-2. C,9H,,;N;,2C,H,O,N, requires C, 41-7; H, 3-0%). 

(b) Benzimidazole {17-3 g.) was dissolved in ethanol (300 ml.) in which sodium (3-4 g.) had 
been dissolved. a-Chloro-N-methwlacetamide ? (16 g.) in ethanol (100 ml.) was slowly added, 
and the mixture refluxed for 4 hr. Sodium chloride was removed by filtration, and ethanol 
by evaporation. The residual oil solidified rapidly and was twice crystallised from ethyl 
methyl ketone to give 2-1’-benzimidazolyl-N-methylacetamide as needles (90%), m. p. 172° 
(Found: C, 63-7; H, 5-8. C,)H,,ON; recuires C, 63-5; H, 5-9%). This compound (13-5 g.), 
lithium aluminium hydride (6 g.), and tetrahydrofuran (300 ml.) were refluxed for 6 hr. The 
excess of hydride was decomposed with tetrahydrofuran, and the combined extracts were 
dried (NaSO,). On evaporation 2-1’-benzimidazolyl-N-methylethylamine was obtained as a 
colourless oil (95%) which rapidly became brown in the air. The infrared spectra of the 
dipicrates of the two products were identical. 

2-1’-Benzimidazolyl-NN-dimethylethylamine. Similarly prepared from «-chloro-NN-di- 
methylacetamide,? 2-1’-benzimidazolyl-NN-dimethylacetamide was twice recrystallised from 
ethy! methyl ketone as plates, m. p. 139° (Found: C, 65-7; H, 6-9. C,,H,,ON, requires C, 65-0; 
H, 64%). 2-1’-Benzimidazolyl-NN-dimethylethylamine dipicrate recrystallised (twice) from 
water, forming yellow needles (60%), decomp. ca. 212° (Found: C, 42:3; H, 3:5. 
C,,H,,;N3,2C,H,O,N, requires C, 42-7; H, 3-2%). 

1 Mamalis, Petrow, and Sturgeon, /J., 1950, 1600. 

* Jacobs and Heidelberger, J. Biol. Chem., 1915, 21, 147. 


Experimental.—2-1’-Benzimidazolyl-N-methylethylamine. (a) 2-1’-Benzimidazolylethy]- 
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2-1’-Benzimidazolyl-N N-diethylethylamine. (a) Similarly prepared from a-chloro-NN- 
diethylacetamide,? 2-1’-benzimidazolyl-NN-diethylacetamide was recrystallised four times from 
water, forming needles (50°), m. p. 124° (Found: C, 68-4; H, 7-0; N, 17-5. (C,,H,,ON,; 
requires C, 67-5; H, 7-0; N, 18-2%). 2-1’-Benzimidazelyl-NN-diethylethylamine dipicrate was 
recrystallised twice from water, forming yellow needles (60%), m. p. 220° (decomp.) (Found: 
C, 44-5; H, 3-7. C,3;H,,N;,2C,H,O,N, requires C, 44-4; H, 3-7%). 

(b) NN-Diethyl-N’-o-nitrophenylethylenediamine (10 g.) was catalytically reduced in 
alcohol (100 ml.) over Raney nickel at 5 atm. for lhr. The crude oily N-(2-diethylaminoethy])- 
o-phenylenediamine obtained (95%) was refluxed for 40 min. with 4n-hydrochloric acid (100 ml.) 
and 87% formic acid (20 ml.). The product, basified with concentrated aqueous ammonia, 
was extracted four times with chloroform. On evaporation 2-1’-benzimidazolyl-N N-diethy]- 
ethylamine was obtained as a brown oil from which the dipicrate, recrystallised thrice 
from water, was obtained as yellow needles (45%), m. p. and mixed m. p. 220—-221° (decomp.) 
(identical infrared spectra). 


This work was carried out during the tenure (by R. F.) of an Edward A. Deeds Fellow 
of the University of St. Andrews. 


QUEEN’S COLLEGE, DUNDEE, 
UNIVERSITY OF St. ANDREWS. [Received, January 19th, 19. 4.) 





465. The Reaction between 4-Nitrosoacetamidodiphenyl and 
Toluene. A Correction. 
By D. I. Davigs, D. H. Hey, C. W. Rees, and F. C. SAUNDERs. 


In an earlier communication it was reported by France, Heilbron, and Hey ! that a mix- 
ture of 2-, 3-, and 4-methyl-p-terphenyl was formed in the reaction between 4-nitroso- 
acetamidodiphenyl and toluene. The constitutions assigned to the 2- and the 4-methy]l 
derivative were established by independent syntheses. The third compound was regarded as 
3-methyl-p-terphenyl by elimination. A repetition of this experiment has confirmed that the 
three isomers are formed, but the compound previously described as 3-methyl-p-terphenyl was 
in fact 4-acetamidodiphenyl. The 3-methyl-p-terphenyl now isolated agrees in properties 
with the compound prepared by Gilman and Weipert ? by the reaction of 4-diphenylyl- 
lithium with 3-methylcyclohexanone followed by dehydration and dehydrogenation. 

An attempt to prepare 4-nitrosoacetamidodiphenyl by the method of France, Heilbron, 
and Hey,? using nitrosyl chloride prepared by Bachmann and Hoffman’s method,‘ gave a 
product which melted sharply at 116—117° and was shown unexpectedly to be an ap- 
proximately equimolar mixture of 4-acetamido-3-nitrodiphenyl and 4-acetamido-3-chloro- 
diphenyl. Whcx th.s preparation was repeated with pure redistilled nicrosyl chloride, 4- 
nitrosoacetamidudiphenyl was obtained which on reaction with benzene gave p-terphenyl and 
4-acetamidodiphenyl. The use of nitrosyl chloride prepared by Bachmann and Hoffman’s 
method without redistillation gave nitrosoacetanilide in the normal manner from acetanilide. 


Experimental.—Reaction of 4-nitrosoacetamidodiphenyl with toluene. 4-Nitrosoacetamido- 
diphenyl was prepared from 4-acetamidodiphenyl and nitrous fumes, as described by France, 
Heilbron, and Hey.’ A solution of the nitroso-compound (10 g.) in toluene (500 g.) was set 
aside at room temperature for 48 hr. It darkened and nitrogen was evolved. The reaction 
was completed by heating the solution on a boiling-water bath for 4 hr. The excess of the 
solvent was removed by distillation and the dark residue was boiled under refiux for 12 hr. with 
concentrated hydrochloric acid (100 ml.) and ethanol (100 ml.). The ethanol was then removed 
by distillation and the residue was extracted with hot benzene (4 x 100 ml.). The benzene 


1 France, Heilbron, and Hey, /., 1939, 1283. 

* Gilman and Weipert, J. Org. Chem., 1957, 22, 446. 

* France, Heilbron, and Hey, J., 1940, 369. 

* Organic Reactions, Vol. II, John Wiley & Sons, Inc., New York, 1944, p. 251. 
® France, Heilbron, and Hey, J., 1938, 1364. 





2318 Notes. 


solution was filtered from some 4-aminodiphenyl hydrochloride and washed successively with 
concentrated hydrochloric acid, water, aqueous sodium hydroxide, and water. After having 
been dried (CaCl,) the benzene was removed by distillation and the residue was distilled at 
0-1 mm. to give two fractions: (a) bath-temp. 100—200°, b. p. ca. 70°/0-1 mm., a white solid 
(0-86 g.), which after crystallisation from light petroleum (b. p. 60—80°) had m. p. 65°, with 
an infrared spectrum (Nujol mull) practically identical with that of diphenyl; (6) bath-temp. 
200—300°, b. p. ca. 130—170°/0-1 mm., a yellowish-brown semi-solid material (3-2 g.). 
Material (b) was shown to be mainly a mixture of 2- and 4-methyl-p-terphenyl by comparison 
of its infrared spectrum in cyclohexane solution with those of authentic specimens of 2- and 
4-methyl-p-terphenyl. The whole fraction was dissolved in hot ethanol (100 ml.) and 
fractionally crystallised to give materials: (i) m. p. 180—190° (0-05 g.); (ii) m. p. 170—185° 
(0-03 g.); (iii) m. p. 130—160° (0-10 g.). The mother-liquor was then heated to the b. p. and 
water was added so that the solute was just not precipitated from the solution. From the 
cooled solution the following fractions were collected: (iv) m. p. 70° (0-60 g.); (v) m. p. 80— 
82° (0-30 g.); (vi) m. p. 84—86° (0-22 g,); (vii) m. p. >350° (0-04 g.). There was a residue of 
non-crystallisable oil. Fractions (i), (ii), and (iii) were combined and recrystallised from ethanol 
(charcoal) to constant m. p. 207—208°, which was not depressed on admixture with authentic 
4-methyl-p-terphenyl. The infrared spectra of the two specimens were identical over the 
2—15 yrange. Fraction (iv) in ethanol (25 ml.) was cooled to —5°, a yellow crystalline solid 
(0-05 g.) then separating (m. p. 110—115°). Several recrystallisations from methanol (charcoal) 
raised the m. p. to 125—126° (Found: C, 93-4; H, 6-65. Calc. for C,gH,,: C, 93-4; H, 6-6%), 
which was not depressed on admixture with a specimen of 3-methyl-p-terphenyl kindly provided 
by Professor H. Gilman. The infrared spectrum was consistent with this structure. Fractions (v) 
and (vi) were combined and recrystallisation from ethanol (charcoal) gave plates, m. p. 88—89°, 
which was not depressed on admixture with an authentic specimen of 2-methyl-p-terphenyl. 

The infrared spectra of the above three methyl-p-terphenyls in Nujol mulls were measured 
over the range 2—15 u. The main bands were as follows: 2-methyl-p-terphenyl 845-2(m), 
761-8(s), 756-0(s), 736-9(w), 727-2(w), and 701-8(m) cm.!; 3-methyl-p-terphenyl 838-0(m), 
813-0(m), 787-4(m), 760-7(s), 721-9(m) and 691-1(m) cm.'; 4-methyl-p-terphenyl 856-0(w), 
817-8(s), 766-5(s), 730-9(m), 696-9(m) cm.*}. 

Reactions of 4-acetamidodiphenyl with nitrosyl chloride. When 4-acetamidodiphenyl was 
treated with nitrosyl chloride in glacial acetic acid—acetic anhydride in the presence of potassium 
acetate and phosphoric oxide, as described by France, Heilbron, and Hey,* a product was 
obtained which crystallised from light petroleum (b. p. 100—120°) in yellow needles, m. p. 116— 
117° (Found: C, 67-0, 66-5; H, 4-8, 5-0; N, 9-7, 9-5; Cl, 6-3, 5:7%). The nitrosyl chloride was 
prepared as described by Bachmann and Hoffman.‘ Fractional crystallisation of 1-0 g. from 
ethanol gave 4-acetamido-3-nitrodiphenyl in yellow needles, m. p. 134° (0-58 g.), while the 
mother-liquors gave 4-acetamido-3-chlorodipheny] (0-19 g.), which separated from light petroleun 
(b. p. 80—100°) in needles, m. p. 147°. Separation was also effected by chromatography on 
alumina from benzene solution (0-5 g. gave 0-27 g. of 4-acetamido-3-nitrodiphenyl and 0-20 g. of 
4-acetamido-3-chlorodiphenyl). 4-Acetamido-3-nitrodiphenyl was identified by hydrolysis to 4- 
amino-3-nitrodiphenyl, m. p. 171°, and subsequent benzoylation to give 4-benzamido-3-nitrodi- 
phenyl, m. p. 150°, and reduction to 3,4-diaminodiphenyl, m. p. 100°. 4-Acetamido-3-chloro- 
dipheny] was identified by hydrolysis to 4-amino-3-chlorodiphenyl, m. p. 67°, and nitration to give 
4-acetamido-3-chloro-4’-nitrodiphenyl, m. p. 220°. A mixture of 4-acetamido-3-nitrodiphenyl 
(55%) and 4-acetamido-3-chlorodiphenyl (45%) melts at 117—119° and requires C, 66-8; H, 
4-8; N, 8-6; Cl, 6-4%. 

Reaction of 4-acetamidodipheny] with redistilled nitrosyl chloride, by the genera! procedure 
of France, Heilbron, and Hey,*® gave 4-nitrosoacetamidodiphenyl as a yellow solid, m. p. 85° 
(decomp.). The nitroso-compound (2 g.), kept in benzene (100 ml.) for 46 hr., gave p-terphenyl 
(0-79 g.; m. p. and mixed m. p. 212°) and 4-acetamidodiphenyl (0-36 g.; m. p. and mixed 
m. p. 173°). 


The authors are indebted to Professor H. Gilman for having drawn their attention to the 
earlier erroneous statements concerning 3-methyl-p-terphenyl, and for his assistance in clearing 
up the discrepancy. 

IKXInG’s COLLEGE, UNIVERSITY OF LONDON, 

STRAND, Lonpon, W.C.2. (Received, February 11th, 1959.} 
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